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INTRODUCTION.

In accordance with the provision of the act of the Legisla-

ture relative to the publication of the reports of the Massachu-

setts Agricultural College, the report of the experiment

station, which is a department of the college, is presented in

two parts. Part I. contains the formal reports of the director,

treasurer and heads of departments, and papers of a technical

character giving results of research work carried on in the

station. This will be sent to agricultural colleges and experi-

ment stations and to workers in these institutions as well as to

libraries. Part I. will be published also in connection with

the report of the Secretary of the State Board of Agriculture,

and will reach the general public through that channel. Part

II. will contain papers of a popular character, and will be sent

to all those on our general mailing list, as well as to agricultural

colleges and experiment stations, to workers in these institu-

tions and to libraries in Massachusetts.

FEED W. MOESE,
Acting Director.
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REPORT OF THE TREASURER.

ANNUAL REPORT

Of Fred C. Kenxey, Tkeasurer op the Massachusetts Agricul-

tural Exi'ERniENT Station of the Massachusetts Agricul-

tural College,

For the Year enditifj June 30, 1912.

United States Appropriations, 1911-12.
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Stale Appropriation, 1911-12.

Cash balance brought forward from hist fiscal year, $886 90

Casli received from State Treasurer, . . . 16,875 00

fertilizer fees,.... 10,277 00

faim products, . . . 6,613 10

miscellaneous sources, . . 8,143 69

$42,795 69

Cash jiaid for salaries, .

labor,

jiubliealions,

postage and stationer^',

freight and express,

heat, light, water and power,

chemicals and laboratory sup

plies, ....
seeds, plants and sundry sup

plies,

fertilizers,

feeding stuff's, .

library,

tools, machinery and aj^pli

ances, .

furniture and fixtures,

scientific apparatus and speci

mens,

live stock,

traveling expenses, ,

contingent expenses,

buildings and land, .

balance, .

$15,024 62

8,909 03

1,387 85

1,004 80

166 67

252 91

772 41

1,736
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REPORT OF THE DIRECTOR.

FUED W. MORSE, ACTING DIRECTOR.

The Agricultural Experiment Station has been unfortunate

in the loss of the services of its director during the latter part of

the year. Dr. Brooks was obliged to relinquish his work on

account of ill health, and accept a leave of absence beginning

Julyl.

\^ice-I)irector J. B. Lindsey, who acted by appointment from

July 1 to October 1, found his duties as chief of the division

of chemistry, in both college and experiment station, too arduous

and exacting to be combined with those of the director. The

trustees accordingly appointed Fred W. Morse acting director

on October 1.

There have been several changes among the junior members

of the station staff. Mr. Herbert J. Baker resigned his position

as secretary to the director on July 1, and accepted a position

with the office of farm management in the United States De-

partment of Agriculture. He was succeeded in the experiment

station l)y jNFr. Benjamin G. Southwick, but just at the end

of the year ]\Ir. Southwick resigned to take a more responsible

position in practical agriculture, and the position will remain

unfilled until the return of the director.

In the department of plant and animal chemistry, Mr. George

R. Pierce, Mr. Carleton P. Jones and ]\fr. Carlos L. Beals were

appointed assistants, the first-named in the feed and dairy sec-

tion and the others in the fertilizer section. ^Ir. Pierce re-

signed at the end of the year, to go to Cul)a, where he is em-

ployed in a sugar-house. IMiss Lina Fisher has been employed

in conjunction with the college, to serve for half of the time

as stenographer in the feed and dairy section.

In the horticultural de})artment, Mr. Howard A. Turner was



1913.] PUBLIC DOCUMENT— No. 31. 15

appointed July 1 to the position of graduate assistant in plant-

breeding-, but soon resigned to accept a position with the oiKcc

of farm management, and the former position has remained

vacant.

Miss Grace E. Gallond has been appointed stenographer in

the department of agriculture and Mr. H. W. Angier has suv-

ceeded Mv. I\. W. Ilallovvell as observer in the meteorological

department. Just before the close of the year, Mr. II, D.

Goodale of the Carnegie Laboratory, at Cold Spring Harbor.

!N. Y., was appointed research biologist in poultry-husbandry,

to begin work on Eeb. 1, 1913.

At the last session of the Legislature the annual appropria-

tion for the maintenance of the experiment station was in-

creased from $10,500 to $15,000, to become available at the

beginning of the new fiscal year, Dee. 1, 1913. The trustees

have assigned nearly the whole increase to the department of

poultry-husbandry, and Prof. John C. Graham has been ap-

pointed head of the department, without salary from the experi-

ment station.

The growth of the experiment station has developed a need

of more land, and the trustees have deemed it the wiser policy

to meet these needs by leasing satisfactory tracts in the vicinity.

Two tracts have accordingly been leased, viz., a lot of twenty

acres from Mrs. Mary E. Tuxbury for orchard experiments,

and a tract of two acres from Mrs. Winifred Tripp for a

fertilizer experiment with basic slag phosphate.

The work of the experiment station has continued without

interruption along the lines described in the last annual report,

and no new investigations have been undertaken ; but plans

have l)een adopted for experiments in breeding poultry with

the aid of the additional State funds. The details of the prog-

ress in the diiferent investigations will be found in succeeding

pages reported by the officers who have been respectively in-

trusted with them.

The asparagus field at the Concord asparagus substation has

produced its fourth crop this year. Mr. C. W. Prescott, in

charge of the substation, reported an excellent yield amounting

to a gross weight of 11,141 pounds of shoots for the whole

area of two acres.
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The fertilizer experiments on asparagus so far have shown

positively that the use of chemical fertilizers alone has main-

tained the plots so treated at a somewhat higher productiveness

than the comhination of chemicals with stahlo manure. There

is some indication, however, that the comhined treatment will

be superior in the years to come.

The three crops preceding this year showed that the maxi-

mum yield of asparagus shoots had heen reached only with

the maximum application of phosphoric acid. The asparagus

plant is not at any stage a heavy consumer of phosphoric acid,

and there had been applied a calculated surplus of the sub-

stance in the minimum amount. Nevertheless, there was evi-

dently a need of more phosphoric acid, so the quantities ap-

plied this year were doubled and will be maintained at the

higher rate in the years to come.

By another year, with the return to duty of Director Brooks,

it will be possible to publish a detailed report of the fertilizer

experiments.

Prof. J. B. Xorton of the Bureau of Plant Industry, Ignited

States Department of Agriculture, has published the results

of the experiments in breeding rust-resistant varieties of aspar-

agus in Bulletin 263, Bureau of Plant Industrv, entitled,

" Methods used in breeding Asparagus for Bust Besistance."'

The bulletin covers the work up to the end of 1911, and shows

notable progress in developing an immune variety. As a result

of his field observations, Professor INorton, on page 50, makes

the following important statement: "When rust was found in

a commercial field, by following it up to the northwest, in the

direction from which the prevailing winds come, a young bed,

an old neglected bed, or wild asparagus was found in every

case, and always Mnth the remains of (dustercup infections."

He then suggests that wild plants should be dug up and burned,

new beds should be planted where they will not affect cutting

beds, and every shoot in the commercial field should be cut

until the middle of June.

The cranberry substation at East Wareham has illustrated

one of the uncertainties which confront the cranberry grower.

The crop this year when picked was estimated to be a little over
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200 barrels, while the crop of 1911 was 850 barrels. Last

year's crop returucd a gross income of $4,1)88.33; but this

year's crop is not expected to return over $1,100.^ This low

yield was apparently due to a reaction or rest following the

exceptionally hea\'y crop of 1911, because there was a rela-

tively light bloom and no severe injury from insects or

disease.

The expenditures at the substation have been grouped under

three heads and do not include the salary of the superin-

tendent. The}' were as follows :
—

Expenses of maintenance, $1,434 62

Permanent improvements, 551 09

Experimental, 1,243 25

Total, $3,228 96

The work during the coming year will be somewhat cur-

tailed to keep within the decreased income due to the scanty

crop of this year. The bog is not expected to be self-sustain-

ing as an experiment station, but as on any commercial bog

the work will necessarily be contracted or expanded somewhat

in proportion to the funds arising from its produce. The bog

is in excellent condition and expenditures for maintenance and

improvements can be lessened with no injury to it, while the

experimental work can be continued without interruption.

The detailed report of Dr. H. J. Franklin for the past year 1/^
will be found in another portion of this report.

The Agricultural Experiment Station has completed its

thirtieth year. Its record of service can be found in the thou-

sands of pages of its annual reports, bulletins and circulars,

to which should be added the personal letters, by tens of thou-

sands, that have been written for individual seekers after in-

formation.

During this period three decennial censuses have been taken

by the State, viz., 1885, 1895 and 1905. The progress in

Massachusetts agriculture shown by these censuses is interest-

ing and indeed striking.

1 The final sales in February, 1913, resulted in a return of $1,082.77 for 190 barrels of screened

fruit.
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Capital invested in agriculture in 1885 was $216,230,550,

and in 1905 it had increased to $288,153,654, or a gain of 33

per cent. The value of agricultural products in 1885 was

$47,756,000, and in 1905 it was $73,110,000, a gain of 53

per cent.

The experiment station Iras borne its part in this progres-

sive agricultural movement and at slight cost to the State.

Its average annual income during this period, including funds

from the luitional treasury, has been less than one-fifth of a

mill for each dollar invested in agriculture in 1885.

We believe it to be our duty at this time to point out to the

people of Massachusetts new ways in which the experiment

station can serve them in the years to come. Since the close

of the year there have been prepared and brought together

from all the departments detailed plans for projects which

show new lines of investigation needed for the further advance-

ment of agricultural interests. These projects may be grouped

for convenience under the heads of crop production, crop pro-

tection, animal husbandry and agricultural economics.

Under crop production there have been proposed plans for

systematic plant-l)reeding, which shall on the one hand de-

termine the fundamental principles underlying the development

of new varieties, and on the other hand shall result in the

selection and introduction of new strains or varieties of staple

farm and garden crops especially suited to our climate and

soil. In fruit growing there is pointed out the need of more

knowledge of cultural requirements in orcharding, owing to

the differences in slope and surface of our hillsides, some of

which are steep and some rolling, some rocky and some free

from rocks. The adaptability of varieties needs consideration,

and its study will require a knowledge of weather conditions

and soil formation. A little less than one-fifth of the State

has been surveyed by the Bureau of Soils of the United States

Department of Agriculture, and it is desirable that this soil

survey should be made complete, which must l)e done at the

expense of the State. Judging from the surveys already made

in this State and in adjacent States, there are probably be-

tween fifty and sixty distinct types of soils composing our



1913.] PUBLIC DOCUMENT— No. 31. 19

farm lands. As specialization in crops increases, it is impor-

tant that the distribntion of these types be known, becanse it

will save many woidd-be g'rowers of onions, tobacco, asparagus

and similar s])eeialties from disappointirient and financial loss.

Xew crops for florists need investigation and development, and

a more efficient nse of fertilizers shonld be worked out.

Crop protection involves continnal stndy of predaceons in-

sects, destrnctive fnngi and bacteria, and also diseases pro-

dnced by injndicions cultural methods, particularly in the

forced crops under glass. First one insect and then another

upsets nature's checks and balances owing to concentration of

special crops, and the same thing is true of fungous growths.

Instead of new lines of investigation this field requires more

workers and more facilities.

In animal husbandry, the new projects may be considered as

the expansion of present lines of investigation. The poultry-

breeding experiment, which has already been mentioned, is

planned to include the selection of a strain of high efficiency

as utility fowls, and this project will require a progressive in-

crease of house-room and labor, as the successive generations of

fowls are produced. Efficiency in feeding animals is more

necessary than ever before ; therefore there is positive need

for more extensive work in feeding cattle, pigs, horses and

poultry than the station now can perform with its facilities.

Two phases of the dairy industry, which have been but little

studied from a scientific standpoint, are the production of

market milk and the manufacture of ice cream. These phases

are peculiar to our dense city population adjacent to our farms.

Diseases of our domestic animals, particularly of poultry, are

becoming of increasing importance duG to the enlarged amounts

of capital invested in single plants, and calls for diagnosis and

advice are almost incessant. The need in all these lines is for

more investigators, thoroughly trained specialists, and the de-

mand, the country over, exceeds the supply; therefore the State

that bids the highest gets their services.

Economics may not seem a subject belonging to an agricul-

tural experiment station, but certain ydiases have always been

studied. Inspection of fertilizers and feeding stuffs may prop-
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erly be included under this head, because nothing is of greater

importance to the user of capital than the certainty of receiv-

ing a full return for its expenditure. There is now needed a

thorough investigation of methods of seed-testing and seed-

separation as a foundation for a just law controlling the sale

of agricultural seeds. Equally important as economic investi-

gations are those of ice-storage of garden vegetables and the

utilization of sur])Ius fruit and vegetables in various manu-

factured products with home or community facilities.

Economical use of our agricultural resources and efficient

application of capital to their development require more or less

study of State conditions, viz., practices of successful farmers;

methods followed in milk-production, potato-growing, corn-

growing, fruit-growing and so forth ; relation between success

and location with respect to local markets, and location with

respect to transportation facilities ; and the relation between

social surroundings and agricultural prosperity.

In planning these projects the station workers have had in

mind increasing the service of this institution in behalf of the

State for the ultimate development of every farm to a higher

state of productivity and the assurance to the farmer of a

greater prosperity.

To execute these projects will require double the present in-

come of the experiment station, but the experiment station

neither b(\gs nor demands that this income be given it. It has

presented the subject to the people and is ready to serve them,

and will serve them to the utmost of its facilities.
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DEPARTMENT OF AGRICULTURE.

REPORT OF THE AGRICULTURIST.

K. F. GASKILL, ASSISTANT.

The duty of preparing- the annual report of the agricultural

department has fallen to the assistant agriculturist. i)r. Wm.
P. Brooks, who has served as agriculturist of the experiment

station since 1889, was forced to give up his duties last June

because of ill health, and by vote of the trustees has been given

leave of absence until September, 1913.

The work of the department for the past year was outlined

almost entirely by Dr. Brooks and has followed the same gen-

eral lines as in previous years, namely, experiments with fer-

tilizers involving the use of 181 field plots, 13 orchard plots,

132 pots in our vegetation work and 147 inclosed plots, used

largely to check results obtained in the field.

From year to year the department has made a careful study

of man}^ of the more promising varieties of potatoes, corn and

soy beans; has investigated the possibilities of growing alfalfa

in the State ; and has co-operated with other departments of the

station in carrying out many lines of investigation ; but the

main question under consideration has been the study of prob-

lems connected with soil fertility. Preferring to base con-

clusions on averages for a number of years, rather than on the

results for one or two years, many of the fertilizer experiments

have been continued from year to year. In view of this fact

the report of the experimental work in this department, as in

previous years, must in most instances be a report of progress.

It is intended to present the work according to the plan gen-

erally followed, in order that the successive reports may fur-

nish a complete record of each experiment.
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The Comparison of Different Materials as a Source of

Nitrogen.

Field A.

In this experiment there are eleven plots of one-tenth acre

each, separated by division strips 4 feet in width. They have

been fertilized each year according to the following plan :
^ —

Plot.
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1910, clover; 1911, com followed hy clover; and 1912, corn

followed bj clover.

The variety of corn grown this year was the same as last,—
Knstler White Dent. It made a very satisfactory growth and

was well matured hy the 19th of September, on which date it

was cut and stooked. The average yields for this year are

shown in the following table:—

Average Yields per Acre, 1912.

Plot.
Hard Corn,

Ears
(Quahels).

Soft Corn,
Ears

(Bushols).

Stover
(Pounds).

No-nitrogen (4, 7, 9),

Nitrate of sjda (1, 2),

Dried blf)od (3, 10),

Sulfate of ammonia (."), fi, 8),

Manure (01,

67.86

93.00

89 57

78.26

80 00

1.61

1 79

1 31

1.02

1.29

5,116.70

5,700.00

5,450.00

5,133.30

5,000 00

On the basis of 100 for nitrate of soda, the relative stand-

ing of the different nitrogen plots and no-nitrogen plots, as

measnred by total yield during the past season, was as fol-

lows :
—

Per Cent.

Nitrate of soda, .

Barnyard manure,

Dried blood.

Sulfate of ammonia,

No-nitrogen,

The relative standing of the different materials as indicated

by total yield for the twenty-three years during which the ex-

periment has continued is as follows :
—

-

Per Cent.

Nitrate of sorla, 100.00

Barnyard manure, 94.28

Dried blood 92.95

Sulfate of ammonia, 87.38

No-nitrogen, 73.04
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On the basis of increase as compared with the no-nitrogen

plots the relative standing for the different fertilizers for the

twenty-three years is as follows :
—

Per Cent.

Niuale of soda, 100.00

Barnyard manure, ......... 78.78

Dried blood, 73.85

Sulfate of amniouia, 53.19

Nitrate of soda, as in previons years, shows the greatest

average increase. The striking results obtained last year on

the no-nitrogen plots are not so apparent this year. In 1911

the yield on the no-nitrogen plots was 95 per cent, of the aver-

age yield on all the different nitrogen plots; this year the no-

nitrogen plots are represented by 73 per cent. In commenting

npon the good showing made by the no-nitrogen plots last year,

Dr. Brooks said :
—

One of tlie most striking results of the past season Avas the I'elatively

large yield produced on the no-nitrogen plots. It amounts to about 95

per cent, of the average yield on all the different plots which have re-

ceived an application of nitrogen annually. This result, it will be

readily understood, was no doubt due to the fact that clover for three

years had preceded the corn crop of the past year. The figures empha-

size in a most striking way the extent to which rotations including a

legume may be made to take the place of the use of nitrogen fertilizers.

Muriate r. Sulfate of Potash.

Field B.

This is the twenty-first year of the experiment. The field

consists of five pairs of plots, numbered from eleven to twenty.

The odd plots (eleven, thirteen, etc.) have received annually

an application of muriate of potash, while the even plots

(twelve, fourteen, etc.) have received an application of high-

grade sulfate of potash. In nddition to the potash the plots

have received annunlly an applicaticm of bone meal at the rate

of 000 pounds per acre. During the early period of the experi-

ment the potash salts were used in different amounts in differ-

ent years. For the last twelve years an annual application of
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250 pounds per acre has been applied to each plot. The object

has been to supply annuall^y the same amount of actual potash

to each plot, and to study the eft'ects of the continued use of

these potash salts upon the same soil. The following table

shows the crops grown this }'ear and the rate of yield ])er acre

for each :
—
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The crops grown on the field this year were as follows: —

Series I., ])luts 1-8, Kusller White Dent corn.

Series II., plots 9-1(5, Medium Yellow soy beans.

Series III., jjlots 17-24, Danish Ballhead cabbage.

Seiies IV., plots 25-32, Golden Tankard mangel-wurzels.

Series V., i)Iots 33-40, Sweet German turniiis.

The relative standing of the different potash salts for this

year is shown in the following table :
—

•
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CoMPAKisox OF J)iffej;e.\t riiosniATEs.

This is the sixteenth year of the experiment, the |)hin and

ohjeet of ^\hi<•h is (juoted from the twentv-third annual re-

port :
—

Ten of the leading- materials whicli may be used as a source of phos-

jihoric acid have been under comparison in one of our fields since 1(S97.

The ditTerent materials are ai)plied to the sejiarate plots in such quan-

tities as to furnish equal amounts of actual phosphoric acid to each.

There are three check plots to wliich no phosphate whatever has been

applied during the entire period of the experiment. All the plots receive

annually equal and liberal quantities of materials supplying nitrogen

and potash in highly available forms. The field has been used for a

large variety of crops, the succession having been as follows: corn,

cabbages, corn, oats and Hungarian grass (followed by rye plowed

under), onions, onions, corn, mixed grass and clover three years, cab-

bages and soy beans and potatoes.

In view of the fact that the results of similar experiments

(comparison of different materials as sources of ])hos})]ioric

acid) in other States have not shown the marked differences

between the ground rock phosphates and the more soluble

phosphates that our results show, and in view of the fact that

the hnnius content of the different soils is claimed by some

authorities to be the cause of the differences in the showing of

the rock phosphates, it has been our aim in the treatment of

the field for the last few years to get as much humus into the

soil as possible.

In 1011 the field was seeded in IMay with oats and alfalfa.

Two crops were harvested, one in July and one in September.

In 1012 the field was plowed and Japanese Buckwheat sown,

which was jdowed under in Jidy. In August rye was sown,

to be plowed under in the spring.
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Average Corn Fertilizer compared with Fertilizer

Richer in Potash.

North Corn Acre.

The two systems of fertilizing have been under comparison

for twcntv-two years. The object has been to tletcrmino

whether or not the average corn fertilizer sold on our markets

contains the right proportions of nitrogen, phosphoric acid and

potash. The field consists of four plots of one-fourth acre each.

Two of the plots— 1 and 3 —• receive annnally an application

of a home-made mixture furnishing the different plant-food

elements in the same proportions as in average corn fertilizer.

The other two plots receive an application of a home-made

mixture furnishing less phosphoric acid and more potash than

the average corn fertilizer. The rotation is two years of grass

and two years of corn. The crop this year was corn. The fol-

lowing table shows the relative standing of the two mixtures for

this year :

—
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The amount of plant food furnished an acre, its cost, and the

profit realized bv using the diiferent mixtures are shown in the

following table :
—
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Manure alone compared with Manure and Sulfate of

Potash.

South Corn Acre.

The two systems of manuring have been under comparison

for twentj-two years. Tlie field consists of four plots of one-

fourth acre each. Two of the plots— 1 and 3— receive an

application of barnyard manure at the rate of G cords per acre,

while the other two receive an application of manure at the

rate of 4 cords per acre, and in addition an application of high-

grade sulfate of potash at the rate of 160 pounds per acre.

The crop grown this year was corn. The relative standing of

the two systems for this year is shown in the following table :
—
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Comparing the average of jolots 1 and 3 with the average of

plots 2 and -i we find tlie nuitorial.s cost more for 1 and 3; the

amount of grain and stover produced is larger, but the profit is

less.

The diti'ci-cnce in favor of using the smaller amount of

manure and potash is still more apparent when we consider

that wo have two cords h^ss of manure to handle.

COMPAKISON OF WlXTEK AND SriMXG AprLICATION OF MaXUIIE.

The details of the plan and object of this experiment may be

found in the nineteenth annual report :
—

This experiment was iDlanned to be continued through a series of

years, with a view to throwing light upon the question as to the best

method of handling farm manures. The fiekl in use has an area of a

httle less than three acres, and slopes moderately to the west. It had

been divided into five plots a number of years previous to the begin-

ning of this experiment, for the comparison of different fertilizers.

Each of these five plots was subdivided into two sub-plots. To one of

the sub-plots in each of the five pairs the manure is applied during the

winter, being spread upon the surface as it is hauled to the field; to the

other sub-plot in each of the five pairs the manure as it is hauled is put

into a large, compact heap. The manure used is carefully preserved,

from well-fed dairy cows on four of the pairs of plots (1, 2, 3 and 4),

and purchased stable manure from horses on one pair of plots (5). The

experiment is so managed that all the manure is hauled for a single

pair of plots at one time, usually during a single day, or at most within

two days. To insure even quality of the manure on the two sub-plots,

loads are placed alternately on the north half, where it is sj)read as

hauled ; and on the south half, where, as has been stated, it is put into a

large heap. The land has usually been plowed late in the fall. The

manure has usually been applied to the two sub-plots 1 early in the

winter ; to the sub-plots 2, 3 and 4, respectively', at intervals each about

one month later than the preceding. The manure which is placed in the

heaps remains there until it is time to prepare the soil for planting in

the spring. It is tlien spread, and as soon as convenient the entire area,

including both the winter and sjiring applications, is plowed.

Manure was omitted in 1912 and will not be applied as in

previous years. Records will, however, be kept, the object

now being to test the residual effect of the two systems of ap-

plying manure. There are five pairs of plots in the experi-
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ment. The crop this year was mixed grass and clover hay.

The average yiekis per acre in 1912 were:-^

Hay
(Pounds).

Rowen
(Pounds).

Winter application,

Spring application,

5,528.4

5.745.8

364.0

795.4

Top-DRESsiNo Permanent Mowings.

An ontline of the plan and object of this experiment is

qnoted from the sixteenth annnal report :
—

In tliis experiment, \vhieb has continued since 1893, the purpose is

to test a system of using manures in rotation for the production of

grass. The area used in tlie experiment is about 9 acres. It is divided

into tluee approximately equal plots. The }>lan is to apply to each

plot, one year barnyard manure, the next year wood ashes, and the

third year fine-ground bone and muriate of potash. As we have three

plots, the system of manuring has been so arranged that every year we

have a plot illustrating the results of each of the applications under

trial. The rates at which the several manures are employed are as fol-

lows : barnyard manure, 8 tons ; wood ashes, 1 ton
;
ground bone, 600

pounds; and muriate of potash, 200 pounds per acre. The manure is

always applied in tlie fall ; ashes and the bone and potash in early

spring.

The past year bronght tlie fifth snccessive season unfavor-

able to hay production. The rain fall in May was slightly

above the normal, but the following month was one of the

driest Junes recorded since records have been kept here at the

college.

The yield obtained
^
this year on the different systems of

manuring is shown in the following table :
—
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The average yield for the entire period of the experiment

(1893-1912, inclusive) for each system of manuring is shown

in the following table :
—

Pounds.

Barnyard manure, ......... G.149

Bone and potash, '

. . 5,999

AVood ashes,' 5,G36

The average yield for the entire area this year was 4,S4G

pounds,— a little better than the average yield for last year,

but not equal to the average yield for the entire period of the

experiment (1893-1912, inclusive) which is 5,959 pounds.

The average yield for the period 1893-1911, inclusive, was

6,018 pounds.

' Owing to the difficulty of securing good wood aahes a mixture of slat; and muriate of potash,

supplying the same amount of phosphoric acid and potash, was substituted this year.
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DEPARTMENT OF VEGETABLE PHYSIOLOGY AND
PATHOLOGY.

REPORT OF THE BOTANIST.

G. E. STONE.

This department has the past year been engaged in the usual

routine and research work, investigations being made of the

new diseases which come to our attention and which are given

a thorough study if they prove serious.

Mr. G. IT. Chapman, research assistant, has been engaged

on problems of a technical nature, and jMr. E. A. Larrabee's

attention has been given mainly to the diagnosis of diseases

and seed work. The office work has been carried on as usual

by Miss J. V. Crocker, and Mr. R. G. Smith, who is at present

assisting in the senior laboratory, performed some experiments

in the summer with the chestnut l)ark disease. Messrs. Torrey,

Larsen, Ellis, Lyon, Sullivan and Chase, undergraduate stu-

dents, have given assistance in various ways, — in the green-

house, with experiments, etc., and Mr. T. W. Nicolet has taken

many of the photographs. A list of several problems which

the department has been investigating follows.

A careful study is being made of some of the diseases of

field and greenhouse crops. This includes an investigation of

the conditions causing the diseases and experiments with

methods for their control. Among those receiving special at-

tention are some diseases of the apple, potato, cucumber, melon,

lettuce, tomato and herbaceous plants and shade trees. In the

last two years there has been present a serious blight on green-

house cucumbers M-hich has in some instances caused a totnl

failure of the cucumber crop in this section, and some study has



36 EXPERDIEXT STATION. [Jan.

been made of this disease. For five years experiments have been

carried on relative to the control of potato scab, and some of

the results of this work will be contained in this report. These

experiments will be continued.

Some further lines of work are given in brief: —
Investigations relating to improved methods of seed germina-

tion and separation.

Experiments on the control of weeds in lawns, etc.

Investigations relating to the injurious effects of oil sprays

on fruit trees.

Investigations relating to the effects on shade trees of chem-

ical substances applied to roadbeds.

Investigations relating to the effects of different fumigants

on greenhouse crops which are subject to variations in light in-

tensity and moisture.

Investigations relating to the effects of various spraying solu-

tions on plants exposed to variations in light intensity, etc.

Investigations relating to the burning of the foliage of green-

house plants by fumigants as related to the condition of the

stomata.

A study of the weed situation in cranberry bogs.

Testing of a large variety of chemical substances to ascertain

their fungicidal value.

Investigations relating to overfeeding and malnutrition in

greenhouse plants, a trouble which is becoming more common

in greenhouses.

Investigations relating to the relationship between various

light intensities and the effects of different spraying solutions,

and the maximum carbon assimilation in such crops as potatoes,

grapes, etc.

Investigations relating to the fixation of nitrogen by the elec-

trical stimulation of micro-organisms.

Experiments with methods of keeping roots from drain tiles,

— a continuation of those already published.

A study of spraying machinery and new types of nozzles.

Experiments with a new type of soil sterilizer.

Investigations relating to the mosaic disease as occurring on

different plants ; nearly completed.
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Tnvostigatioiis rclaliiii>' to light in grcenhons(^s
;
practically

completed.

Experiments with methods of treating tree cavities.

Experiments with the effects of varying percentages of soil,

moisture and air on tlKTgermination of seeds.

Experiments with the effects of ozone on seed germination

and varions plant activities.

These investigations have been carried on in some cases for

some time, and several of them wonld properly come under the

heading, " Investigations of the effects of meteorological condi-

tions on the diseases and the development of plants in general,"

which we are studying under the " Adams fund."
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DISEASES MORE OR LESS COMMON DURING
TEIE YEAR.

G. E. STONE.

Like the year before, this season has been characterized by

severe dronght in the summer months, with some rain in the

fall, although the rainfall in August, September and October

was less than the normal. In ISTovember, however, it exceeded

the normal. In May, June and July the drought and heat were

such as to cause considerable defoliation of trees and unevenness

in corn fields, although this last was in some cases due to poor

seed which was affected by frost the year before.

The unusually large onion crop ripened poorly in some fields,

and in the Connecticut valley many hundreds of bushels had to

be left on the ground owing to non-maturity. Potatoes were of

excellent quality, with less than the usual amount of early

blight, and the rot was not very noticeable. Apple trees showed

some winter killing of the twigs and roots as the result of the

preceding severe winter, with some sunscald and a few cases of

what appears to be injury from spraying with oil. The leaves

of those trees in particular which were not sprayed were affected

to an unusual degree with scab (Fiisiclndiiim) and leaf spots

(Sphcuropsis). The scab was more or less common on the fruit

in the fall and was accompanied in almost every case by pink

mold (Cephalothecium) , but no serious injury occurred. Apple

rust (Gymnosporangium) , which has been more or less common
the Inst three or four years, was seen occasionally on the leaves,

and in a few instances affected iho, fruit. Storage burns were

common in some localities, due possibly to defective storage con-

ditions, and in other cases to the rather poor ripening or harden-

ing up of the fruit. Apple fruit rots were unusually abundant

late in the fall, being caused, apparently, by the abnormal ripen-

ing of the fruit. As usual, there was very little rot (GIocospo-
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rinin) on the tree, but it occiiiTcd later at the time of harvest-

ing. The black rot {Sphcrropsis) iisuallj constitutes 80 or 90

2)er cent, of our fruit rots, but this year the bitter rot {(Jloeo-

sporhnn) prevailed and Splio^ropsis was quite scarce, and for

til is reason there was more rotting of the fruit on the tree than

is usually seen here. The brown rot (Sclerdtinia) and blue

mold rot {PencilUuin) were quite common, as was the fruit

S})ot (CijIindrosporli(Ni), which aU'ected many varieties of

apples.

Crown gall (Pseudontoiia.s) is not so prevalent now as a few

years ago, as greater care is being taken in buying apple stock.

Peach leaf-curl (Exoascus) was unusually severe in the spring,

especially on unsprayed trees, and much curling of the foliage

was caused by aphis. Peach and plum rots (Sclerotinia) were

not common, and other than the winter killing of the fruit buds

the trees made good growth and were quite free from disease.

There was some pear blight (Bacillus) and sooty mold, which

grows in the secretions of aphis. Rusts (Gymnosporangiuni)

in general have been more common the past four years, but they

were less conspicuous this season than last. Among these may
be mentioned quince, bean, apple, Yinca, rose and ash rust.

The quince rust continues to be more or less of a pest. The

white pine blister rust {Cronartiimi) , introduced a few years

ago, is now receiving attention from the nursery inspector. The

European currant rust, one stage of the pine blister rust, has

recently made its appearance, being first observed on the black

currant in Essex County, the only location known in this State

at the present time.

Among other more or less common diseases noticed during

the year are the maple leaf spot {Ehytisma), pea mildew (Ery-

sipJie), several sweet pea troubles of a miscellaneous character,

the leaf spot of the cherry {Cyllndrosporiinn), asparagus rust

(Puccinia), oat smut (Ustilago), hollyhock rust (Puccinia),

potato scab (Oospora), corn smut (Ustilago) , black rot of grape

(Guignardia), bacterial wilt of cucumbers (Bacillus), currant

leaf spot (Septoria) , frost injury to asparagus, blossom end rot

of tomatoes and scab (Cylindrosporium) , oak and sycamore leaf

blight (Glcposporium) , black spot of rose (Actinonema) , rose

mildew (Sphcerotheca), leaf spot of mignonette (Cercospora),
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melon blight (Altenmria), celery blight {Cercospora), apple

canker (tSphwropsis and JSectria), and winter killing of rasp-

berries and roses, sycamore twigs, privet and others.

The unusually severe infection from aphis caused a loss of

foliage to many trees. A peculiar mottling of chestnut leaves

which were thickly covered with honey-dew was noticed, and-

examinations of the leaf tissue revealed a partial plasmolysis

of the cells, accompanied by considerable defoliation ; but after

showers, which would wash off the honey-dew, the defoliation

would cease.

The general deterioration of shade trees which has been

noticeable for the last six or seven years has been even more

pronounced the last two years. The trees showing the most

deterioration are the elm, maple, white and black ash, butternut

and Norway spruce ; and the sycamore showed winter killing

of the twigs last season, with a Gloeosporium infection of the

foliage. The roots of the elm, maple and oak are constantly

dying back, and for the last two years maples have been show-

ing what is termed ^' staghead," supposed to be due to a dimi-

nution of water in the soil in some cases, and in others winter

killing of the roots is no doubt a contributing factor. Many
thousands of maples have been so affected in the northeastern

United States. Last Avinter was one of the worst on record

for depth of freezing, and vegetation in general was in poor

condition, owing to the drought, to enter upon even a mild

winter. The freezing of gas and water pipes was of so fre-

quent occurrence as to cause an unprecedented number of leaks.

In one city with about 50 miles of pipes, over 200 leaks were

recorded, the loss of gas amounting to about 33 per cent., and

in some cases sections of the supply had to be cut off. Thus it

is not surprising that winter injury of various kinds occurred,

although to what extent vegetation has suffered we cannot

tell as yet.
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A NEW RUST.

G. E. STONE.

Currant Rust, White Pine Blister Rust.

In previous rei)orts we have meiitioned an epidemic of rusts

Avliich have been nniisually severe the past few years on the

apple, bean, quince and ash, and last year we noted a new rust

on Vinca. A new form has lately made its appearance on the

black currant. The white j)ine blister rust has also been with us

for several years, affecting most largely young nursery stock,

although it is occasionally found on white pines of fairly good

size. On September 28 some specimens of currant rust were

sent in from a large estate in Essex County, this being the first

outbreak recorded in Massachusetts to our knowledge. At prac-

tically the same time Dr. G. P. Clinton observed a similar out-

break in Connecticut, and Prof. F. C. Stewart, of the Geneva

Experiment Station, noted an outbreak in Xew York.

The rust in this State is confined, so far as we know at the

I^resent time, to one block of 200 currant plants of the Black

Champion variety. The plants were two-year-olds, purchased

last spring from a ISTew York nursery, and practically all in this

block were infested except about twenty-five or thirty in the

southwestern corner of the block. About a quarter of a mile

south of the diseased currants was a small block of old black

currants, but they showed no signs of Cronartium. About the

same distance east was a magnificent stand of eight-year-old

pines, but rigid examination failed to reveal any signs of blister

rust infection ; neitlier was any infection found on the near-by

block of red currants.

The following description of the currant rust and wdiite pine

blister rust, which are different stages of the same rust, was

prepared at my request by Mr. E. A. Larrabee, from various

literature.
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The white pine (Piniis Strobus) blister rust (Feridermium

iSlrohi) has only been known in Germany for the last thirty or

forty years. In this country it has been discovered within the

last few years. In 190G Dr. F. C. Stewart of the Geneva sta-

tion in Xew York fonnd the disease on the grounds there, but

prompt and radical treatment is believed to have completely

eradicated it. Again, in 1909, it was found in New York State

on a shipment of three-year-old white pine seedlings from

Germany.

This fungus has two well-known forms which have in former

years been described as two distinct species, — one appearing

on the currant and gooseberry (Rihes), and the other on the

white pine. The stage found on the Kibes bushes was discov-

ered and named about fifty years ago by Dietrich, while the

stage on the pine was discovered and named by Klebahn in

1887. Since this time, however, by careful and extensive inoc-

ulation experiments, it has been conclusively proved that Peri-

dermium Strohi on the pine, and Cronartium rihicola on Eibes

are not two distinct species of fungi, but are different stages of

the same organism.

Unfortunately, the presence of this fungus is not apparent at

or before jdauting time. It is particularly noticeable in this

country probably during the month of May. It then covers the

trunks of young pines of four or five years and over, as well

as the trunks and branches of older pine trees, with bright yel-

low blisters in which are contained the a'cidiospores. These

ascidiospores appear as a dark yellow powder and cannot ger-

minate unless they fall on the leaves of currants or gooseberries

(Ribes). On these leaves, however, they develop, send germ

tubes into the leaf tissue, and there form a heavy matting of

mycelium. Along about the middle of June there are formed

on the under side of the leaves of these Ribes plants bright

yellow deposits (uredospores) which spread the disease from

leaf to leaf on these plants. These uredospores continue to

spread throughout the Ribes during the entire season in which

young leaves are formed. In the summer, too, still another

reproduction cell is found in the shape of yellow-brown strings

or sacs, of about the thickness of a hair, on the under side of the

leaves of the Ribes bushes, and these are known as teleuto-
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spores. On the surface of these so-called strings arc deposited

tiny cells known as sporidia. These sporidia will germinate

only on the bark of young shoots of the white pine.

The so-called sporidia are produced and carried about by the

wind at the very season when the young pine shoots have begun

to develop and are in a condition to be readily infected. When
the small sporidia germinate they send their germ tubes into the

tender bark of the white pine, and there the mycelium again

forms a heavy matting. This tissue lives for many years in the

branches, and occasions considerable swelling of the shoots, by

which the disease may be detected in the fall and winter, when

there are no yellow deposits on the bark. These swellings often

do not show on the white pine for perhaps a year or more. It

is probably several years after infection before these dark yellow

spore blisters are formed, but when they once appear they often

reappear every spring for a number of years on the same swell-

ings. Their appearance is preceded by the formation of very

small dot-like heaps of spores which are called spermogonia.

These spermogonia contain sweet-tasting, sticky spores, so-called

spermatia, about which nothing is known.

It will be seen from the preceding that this disease cannot

spread from one pine to another. It must first go from pine to

Eibes (in May or June) and from Ribes back to pine (in Au-

gust or September). In the trunks of pine trees the fungus is

perennial, but on Ribes it affects only the leaves and cannot

live over winter.

While it would appear from this description of the rust that

an alternation of hosts is necessary in the case of currant rust,

some American pathologists would question this, and observa-

tions made by some investigators on the rust in this country

seem to indicate that the rust may be able to propagate indefi-

nitely on the currant without the intervention of the pine.

At the request of Professor Stewart we are therefore conduct-

ing experiments to determine whether reinfection of currants

can occur without the intervention of the pine. These are now
being carried on in our greenhouse, together with some other

experiments relating to the control of the disease ; and work

along the same lines is being done by Dr. Clinton in Con-

necticut.
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This disease on the currant can undoubtedly be eradicated by

some method of spraying, but if not, it may be necessary to de-

stroy all the black currants in the State, as they are not of great

economic importance. The white pine blister rust is being care-

fully looked after by Dr. II. T. Fernald, State Inspector of

Nurseries.
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EFFECTS OF ILLUMINATING GAS ON VEGE-
TATION.

G. E. STONE.

It is well known that escaping illuminating gas in the soil has

an injurious effect on vegetation, and occasionally kills trees.

In States where records ^ are required of the amount of gas

manufactured, and that unaccounted for, the loss is found to

amount to considerable in some cases, but this does not always

mean that all unaccounted-for gas escapes in the soil or air,

since these measurements are dependent on different meter read-

ings. The meters may run too slow or too fast, requiring a

great deal of care to warrant any degree of accuracy. More-

over, gas varies greatly with temperature, and even 6 or 8

per cent, of unaccounted-for gas is not necessarily all leakage.

There are several kinds of gas used for lighting and heating,

i.e., water gas, coal gas, gasoline gas, acetylene gas and others,

but their effects on the plant are quite similar, and they are all

very poisonous to vegetation. Even the same kind of gas varies

to quite an extent, as the process of manufacture is not always

the same. This difference in composition is often very slight,

but to any one who has had experience in diagnosing trees killed

by gas it is discernible ; for example, the gas manufactured by

one corporation will produce different effects on a tree from that

manufactured by another; yet gas from the same plant differs

very little as a rule.

Illuminating gas is very poisonous to vegetation. The poi-

sonous properties are largely confined to the numerous products

which are absorbed by the soil moisture in small quantities,

taken up by the roots and translocated through the tissue.

• Consult Ann. Repts. of Inspector of Ons Meters and Illuminating Gas, Mass. Public Docu-

ments, No. 55; Ann. Repts. of Board of Gas and Elec. Light Comm., Mass. Pub. Documents,

No. 35.
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These substances are to be found in the tissue, although, as al-

ready pointed out, the reactions are not quite the same in differ-

ent places nor on different species of trees. Trees poisoned by

illuminating gas usually show some characteristic post-mortem

symptoms, but many of these symptoms may be found in trees

dying from other causes. ]\rore or less rapid deterioration and

increased brittleness of the wood is a quite characteristic symp-

tom, however.

In summer the first effects of gas poisoning may be seen in

the foliage. The leaves turn yellow and in some cases drop off,

while the leaves of other trees fall while still remaining green,

and in still other cases the trees do not become defoliated but

the leaves turn a reddish brown and die. The upper part of

the tree, being far away from the source of water supply,

usually shows the effects first. All this occurs before there is

any evidence of abnormal tissue above ground. The water con-

tents of the soil containing the poisonous principles of gas pass

up through the roots and stems, and later the wood and zone

constituting the living portion of the trunk become abnormal.

The first s\miptoms appear in the characteristic dryness of the

cambiiun and other tissues outside the wood, this being the first

indication of the approaching death of the tissue. Later these

tissues,— cambium, phloem and cortex, — turn brown and dis-

integration follows. These abnormal conditions first take place

in the roots, which are the first to al)sorb the poison, but later,

as absorption and translocation proceed, the poisonous constit-

uents may be detected in the wood, etc., at the base of the tree.

It not infrequently happens that the tissue at the base of the

tree is dead, while that in the trunk a few feet above is alive.

But this condition does not endure, for sooner or later the whole

tree becomes involved. When the underlying tissues, cortex,

phloem, etc., die, the bark changes color, gradually growing

darker, the tissue tensions are destroyed, and the physical prop-

erties of the bark are greatly changed. Soon various species of

fungi, such as Polysiictus, ScliizopliyUwn and others, find a

foothold on the bark and borers and otlier insects attack the

dead tissue. Even bacteria and molds, like Penicillium, be-

come active and hasten the process of disintegration, the smaller

twigs becoming drv and brittle, and the ends arc often broken
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off. The iippor limbs iisuallj lose tlicir bark first, and even-

tually the larger limbs present the same appearance. Disinte-

gration may become so rapid that in one and a half to three

years most of the larger branches will break off, and soon noth-

ing bnt a portion of the trunk and a few stubs remain.

All these conditions refer merely to the way in which a tree

succumbs to gas poisoning, and do not necessarily constitute

reliable symptoms of this type of injury, as these symptoms

may be found in trees dying from other causes. The tissue

furnishes the most reliable symptoms for diagnosis. The writer

has for years been examining thousands of trees killed by gas,

and has taken exhaustive notes on every symptom shown by

trees dying from various causes, and from the first it was found

necessary to make a thorough examination of the tissue to war-

rant any degree of accuracy in the diagnosis. From these notes

may be had much interesting data on the relative importance of

various symptoms. Since some of the poisonous constituents of

illuminating gas are absorbed by the roots and are circulated to

a certain extent through the tissue of the wood, it becomes nec-

essary to note these svibstances and learn to detect their pres-

ence, either by chemical means or from direct observations and

experience.

As already stated, no two species of trees present precisely

the same symptoms, much variation occurring from location,

seasons, etc. A certain species, for example, examined in the

fall, will show slightly different symptoms from those given by a

spring examination, and this is true of trees poisoned by gas

from different manufacturing plants, due undoubtedly to the

fact that there is considerable difference in the gas manufac-

tured by different concerns. The different chemical constitu-

ents of the soil in remote localities might to a certain extent

be held responsible for the variations in the reaction of gas on

the tissues, but this is probably not very important, since these

variations are likely to occur even in a single to^\'n supplied

from one source, and as a rule the symptoms in trees injured

by gas from a single manufacturing plant are alike. From

tables giving the results of gas analysis from various corpora-

tions we find that there is considerable difference in the composi-

tion of gas, and furthermore, that gas from a single corporation
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is likely to vary from day to day to some extent. This variation

is not only found in the different percentages of gas constituents

but in the other products.

The principal features in the tissues from which diagnosis

may be made are odor and color, although it is possible by the

use of chemicals to obtain reactions and to detect certain prod-

ucts in the tissue of trees killed by gas. There are different

odors associated with the wood of trees which die from various

causes, and it is necessary to become familiar with these to be

able to differentiate them. Molds and other micro-organisms

acting on the sap of trees dying from various causes often cause

decomposition, with certain resultant odors which occur in a

great variety of trees. But always in trees killed by gas may be

found peculiar characteristic odors difficult to describe, even if

the tissue most seriously affected is found. This tissue is

usually at the base of the tree or in the larger roots near where

the tissue has absorbed the most poison, and it is more easily

recognized after a tree has been dead for a few weeks or months.

The odor is more prominent in moist than in dry trees. It can

be detected in the tissues of the bark as well as of the wood.

Sometimes this odoriferous wood is found deeper in the sap-

wood than at other points, and can be recognized in the stumps

of trees freshly cut, but in old stumps where decay has set in it

is not always discernible. In such cases some part of the root

system, if dug up, is likely to give a characteristic odor except

when the wood has become too dry and a more or less advanced

stage of decay has set in. As previously stated, the odors are

difficult to describe, as they are often associated wath the prod-

ucts of decomposition. Moreover, the odors of one tree are en-

tirely different from those of another, so one has to become

familiar with the characteristics of each species of tree which

he is diagnosing. The natural odor of the maple is quite dif-

ferent from that of the elm, horsechestnut or red oak, and their

products of decomposition differ also. Nevertheless, the charac-

teristic odor given to the tissue by the products of illuminating

gas can be differentiated quite easily and accurately by any one

familiar wnth them. Sometimes these odors are found in a con-

siderable part of the tissue of the trunk, but more often they are
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confined to some special part of the tree or root. They are more

pronounced by far at the base of the tree than above, and in

the top are rarely to be noticed.

We know of no remedies which can be applied to trees already

poisoned by gas, since the injury occurs below the surface of

the ground, and the effects on the tree are seldom noticeable

until the poisoning is more or less pronounced. If the leakage

of gas could be discovered quickly and the leak repaired, the

effects on the roots might be prevented, but this is rarely the

case. In some instances where only one root has been affected,

and the poison has not reached the trunk of the tree, amputation

of the root is used to prevent further harm, and we have seen

cases where this has proved effective. There are many cases

where trees have not suffered from gas poisoning although lo-

cated near large leaks, because in the installation of curbings

many of the larger roots were destroyed which grew over the

roadbed where the gas pipes were laid.

When the soil is charged with gas, excavating and aerating are

beneficial, and in the case of severe leakage it is well to leave

the trench open for a few days, if possible. On the other hand,

boring holes in the soil and filling with water is of absolutely

no value. It is generally believed that if young trees are

planted near others which have died from gas poisoning they

will not live, but this is true only in part. If the soil is thor-

oughly saturated with gas, bad results may follow, but if young

trees are planted in fresh loam and the old soil aerated there is

little likelihood of the tree dying. It is possible, but perhaps

at the present time not practical in all instances, to prevent in-

jury to trees and asphyxiation to people in houses from gas

leaks, and undoubtedly in the future better methods of distrib-

uting gas will be employed.

Su:mmary.

The symptoms of gas poisoning are best obtained from a care-

ful examination of the wood at the base of the tree or the roots.

This can be done v;hen the .poisonous principles have reached a

certain point in their ascent. There are many symptoms accom-

panying gas poisoning such as a yellowing of the leaves, drop-
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ping off, peeling of the bark, presence of certain fungi, etc., but

they are of no value in themselves, as these symptoms may
accompany other causes of death.

The Effect of Illuminating Gas on Foliage.

Gas from soil leakage seldom escapes into the atmosphere

sufficiently to cause direct injury to foliage, although trees are

sometimes injured near gas-manufacturing plants, where there

is usually a strong odor of gas. Atmospheric gases of all kinds

are quickly dispersed, especially when there is any circulation

of air
;
yet under certain conditions they cause injury to plants,

as is well known. The leakage of illuminating gas from soil

pipes is seldom sufficient in quantity or prolonged enough for it

to injure the foliage of trees and shrubs.

The trees in large cities often suffer greatly from atmospheric

gases, of which the most injurious are those arising from coal

combustion. The escape of illuminating gas into sewers and

conduits is not uncommon. If an untrapped greenhouse drain-

age system connects with a sewer containing gas, the gas is likely

to find its way into the greenhouse and injure the plants, and

we have known of large greenhouses losing many plants in this

way, the gas escaping into the greenhouse for long periods in

such minute quantities as to be scarcely perceptible to the sense

of smell. Last winter, when the upheaval of the ground from

frost did great damage to gas and water pipes, the gas from a

leak near our greenhouse found its way to a drain tile leading

to the house some distance from the source of leakage, defoliat-

ing a large number of our plants in a few hours. A rose ])lant

which was in perfect condition the night before was found the

next morning with most of its leaves turned yellow, and 50 or

more per cent, of them had fallen. The plants most severely

affected were roses, geraniums and abutilon, but ivy, Euca-

lyptus, India rubber plants, willow, Kenilworth ivy, papyrus,

tobacco, tomato and Sedum were also injured. The ferns,

mosses and liverworts, which were nearest the gas inlet, were

scarcely touched. After being defoliated, the geraniums and

abutilon produced numerous small leaves, and the leaves on the

variegated abutilon came in entirely green.
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Hartig ^ mentions that Camellias, azaleas and ivy arc very

sensitive to escaping gas, the least sensitive being palms and

Dracirnas. It would appear that the higher plants are more

susceptible to gas than the lower ones. This might be explained

on the assumption that the lower plants, being descendants of

very old types which in past ages may have been adapted to

different atmospheric conditions, possibly inherit a wider range

of adaptability, with consequently less liability to injury.

Effects of Illuminating Gas on Caeolina Poplars.

Our attention has been called at different times by Mr. James

Walker, of the jSTewark Shade Tree Commission, Newark,

N. J., to a peculiar effect which poisoning from illuminating

gas has on Carolina poplars (Fopulus deltoides Marsh).- This

tree is used extensively for shade in New Jersey, but has re-

cently come into disrepute owing to the havoc which its vigorous

root system raises with sewers. Some of these characteristic

toxic effects consist in a splitting of the bark and swelling and

bulging of the tissue near the lesions, and later a slimy, muci-

laginous mass exudes from the cracks.

This last season we examined a Carolina poplar which dis-

played, in addition to the usual symptoms of gas poisoning,

this peculiar swelling and cracking of the bark, and some of

the tissue was gathered for histological examination. The tree

in question was 7 or 8 inches in diameter near the base, and at

the time of observation, in common with most trees affected

by gas poisoning, had no leaves. The bark, cortex, etc., on the

trunk towards the source of absorption showed three or four

vertical cracks or lesions l/o to 21/^ feet long. The bark on the

sides of these cracks was bulged out considerably, and examina-

tion showed a thick layer of soft, parenchymous tissue extend-

ing to the wood and a]iparently derived from the cambium

zone. This tissue at the time of observation was ])erfectly

white and fresh in appearance, was easily broken and appar-

ently as delicate as the tissue of an apple. Later the tissue

turned brown and disintegrated and became slimy in appear-

' R. Hartig, "The Diseases of Treos."

2 We have heard the opinion expresspri at different times tliat Carolina poplars are immune
to gas poisoning, but there is no foundation for tiiis statement.
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ance. This breaking clown of the tissue takes place in the more

advanced stages of disintegration and, according to Mr. Walker,

this broken-down mncilaginons substance exudes from the

cracks. Specimens of the bark and tissue showed this soft

layer, Avhich was thicker directly under the cracks, where the

tension was less, to be anywhere from t/, to ll/> inches thick.

Microscopic examinations showed the fresh tissue to be com-

posed entirely of thin-walled parenchyma cells.

In the illustration, 1 shows an enlarged cross section of a

piece of normal bark ; 2, a cross section of the bark near one

of the cracks; 3, a cross section of bark and wood and the ab-

normal paronchymous growth ; and 4, a cross section of the nor-

mal bark, including some of the wood. In 2 and 3 the abnor-

mal growth is shown at e. In 3, which is an enlarged section,

the nature of the tissue is readily seen, as well as its origin

from the cambium /. In 5 is shown a diagrammatic cross sec-

tion of tree, with lesions.

This peculiar cracking characteristic of Carolina poplars

poisoned by gas has never been observed by us in other species,

although like effects have been noticed in willow cuttings grow-

ing in M'ater charged with gas, in which case we have often no-

ticed a splitting of the bark and slight swelling, followed by the

formation of a mucilaginous mass under the bark. The bark

of most trees poisoned by illuminating gas remains intact until

it becomes very dry and brittle, and then it cracks, curls up

and eventually falls off. There is, however, no disposition in

olher trees, so far as noticed, for the tissue to become mucilagi-

nous. In some cases of poisoning of coniferous trees the bark

may become ruptured and a copious flow of pitch follow. This

tissue is apparently what is termed by Ilartig " wound cam-

bium," and we have never seen it forming on poplars as the re-

sult of ordinary mechanical wounds.

During the past season we h.,re noticed a number of cracks

on small ])0|)lars (Popidus trcmuloides) apparently resulting

from frost injury. But in this case there was no abnormal de-

velopment of the cambium.^

When banding substances are applied to Carolina poplars

' The injection of poisons into tissue is said to cause a rupturing of the tissue owing to changes

in the turgescence of the cells.



Fig. 1. — Showing cross section of Carolina poplar (Pojfuliis deltoidea Marsh). 1, Cross
section of normal stem, enlarged; 2, same, showing abnormal growth; 3, naked-eye
view of same; 4, section of a normal stem; 5, cross section of trunli of tree showing
the splitting of the hark; a, bark; 6, cork cambium; c, cortex; rf, phloem; e, abnor-

mal parenchyma; f, cambium; g, wood or xyleni.
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and other trees to trap insects, injury often results to the tissue,

with swellings and distortion where the substances come in

contact with the bark. We have seen many trees affected in this

way in the eastern part of the State, where much use has been

made of banding substances for the extermination of the gypsy

moth. Their effect is more pronounced on Carolina poplars

than on other trees, and it is not improbable that this cracking

and abnormal formation under the bark results from decreased

turgescence of the cell and destruction of the outer tissue, thus

relieving the tension on the inner tissue and causing the cam-

bium to divide. With the release of the pressure outwards, it is

natural ftr this tissue to extend in this direction, thus ruptur-

ing the outer bark. The absorption of the gas may have killed

the tissue exterior to the cambium layer before the cambium

was affected. In this way, the tension of the outer tissue being

diminished, a stimulation of the cambium cells results.

The poisonous constituents of gas have a direct stimulating

effect on the cells during the incipient stage of poisoning, as

observed in the case of willow cuttings, etc. ; but in this instance

it would appear that the excessive development of the cambium

was caused by the diminished tension of the cortical tissue.

Stoiulating Effects of It.t.uminating Gas on Willow

cuttikgs.

For many years we have been studying the effects of differ-

ent gases on the functions of plants, and during this time we

have made many experiments relative to the effects of water

charged with illuminating gas on the development of willow

cuttings. It is well known that there are many chemical sub-

stances which stimulate plants. Even the most violent poisons,

if administered in certain dosages, will greatly increase plant

activities ; for instance, ether is well known to cause latent buds

to blossom, and some use is made of it by commercial florists.

Illuminating gas is a deadly poison both to the foliage and

root systems of plants ; but when administered under certain

conditions is a great stimulant. Latent willow cuttings grown

in water charged with illuminating gas for a few moments

every day or two showed a greatly increased development, pro-
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ducing foliage several days earlier than j)lants grown in water

not charged with gas.

The results of experiments with latent willow cuttings grown

under these conditions are shown in Table I. The cuttings

were grown in glass jars containing about 2 litres of water

which was charged at different periods, as shown in the follow-

ing table :
—

Table I. — Showing Stimulating Effects of Illuminating Gas on Willow

Cuttings grown in Water charged with Ga^.

[In all experiments except No. 1, 8 normal and 8 treated cuttings were used in each series.]

Experiment.

First
Appearance
of Leaves
and Shoots.

Gain in

Develop-
ment

(Days).

Water charged
with Gas for a
Brief Period.

f Normal, .

1

I Treated, .

(Normal, .

Treated, .

(Normal, .

Treated, .

f Normal, .

[Treated, .

[
Normal, .

I
Treated, .

SI
Treated, .

Treated, .

f
Normal, .

[Treated, .

(Normal, .

Treated, .

[
Normal, .

8
j
Treated, .

[Treated, .

f
Normal, .

[ Treated,

August 19

August 10

December 10

December 2

January 4

December 27

December 29

December 23

February 4

January 24

January 22

January 24

February 20

February 15

March 25

March

April

April

April

July

July

Every second day.

Every second day.

Every second day.

E.very second day.

Every second day.

Every fourth day.

Every sixth day.

Every second day.

Every seventh day.

Every second day.

Every fourth day.

Every second day.

The data given in this table show that the willow cuttings

contained in the charged jars developed new shoots and foliage

from four to eleven days earlier than those grown in jars con-

taining the ordinary uncharged tapwater. They also show that





Fk;. -2. — Showing willow cuttings growing

in water; those to the right, in ordinary

water, those to the left, in water i-harged

with gas.

FIG. 3. — Showing development of lenticels on

willow cuttings growing in water. Figure to

the right growing in ordinary water; to the

left, in water charged with gas.
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there is practically no difference in the development of the cut-

tings, whether the jars were charged with the gas every second

day, every fourth day, etc. (Fig. 2).

The duration of these experiments was from one to two

months. In some instances the plants showed more or less

advanced sjanptoms of gas poisoning at the close of the experi-

ment, and the oftener the water was charged with gas the

quicker the symptoms appeared and the more pronounced the

poisoning. The same stimulating effects were shown on the roots

as on the stems and leaves.

Table II. gives the results with both shoots and roots as deter-

mined by the average length, as follows :
—

Table II. — Showing the Stwmlating Effects of Illwninaling Gas on

Willow Cuttings grown in Water charged with Gas.

{Ei!;lit treated and 8 untreated cuttings used in each series. All measurements given in centi-

meters.]

Experiment.
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Summary of Table III.
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the treated water greatly exceeded that in the untreated.

While only a slight difference was shown in the nnniher of

shoots in the normal and treated willow cuttings, the latter

showed a greater development. The increased development of

the shoots and foliage was correlated with the greater root de-

velopment. We regard the increased root development of the

treated willow cuttings as a direct response to oxygen supply.

The roots of cuttings growing in the charged water were inva-

riably more slender than those in the untreated, and were also

characterized by an early appearance of a profuse growth of

secondary roots.

Effects of Illuminating Gas on Lenticels.

The lenticels or breathing pores of the willow cuttings grown

in water charged with gas showed a marked difference in devel-

opment. They always show a greater growth in water, but the

development of the parts submerged in water charged with gas

was exceptional. Many years ago Nobbe ^ observed when con-

ducting water culture experiments with potatoes that the sub-

merged tubers developed unusually large lenticels.

This stimulation of the lenticels was one of the most conspic-

uous reactions we observed in our experiments with willow cut-

tings, and appears to be a general response to a demand for

oxygen. (Fig. 3). The gas in the treated water had prac-

tically the same asphyxiating effect on the ]dant as a decreased

supply of oxygen, the demand for oxygen being increased and

the plant responding by a greater growth of the lenticels.

The response on the part of the roots of the willow cuttings to

the stimulating effects of gas appears to be the same t3'pe of re-

action, i.e., practically amounting to a decreased oxygen sup-

ply. Observations on plants grown under a diiiiiiiishod almos-

pheric pressure have given somewhat similar results to those

shown by the willow cuttings ; that is, they grow more ra]>i(lly

than those under normal conditions. This is not, however, the

effect of the diminished pressure alone, but is due to a diminu-

tion of the partial pressure of oxygen. Wider and Jaccard -

have demonstrated that the optimum growth of plants does not

> Landwirtsch. Versuchstation, Vol. IV., 1864, p. 60.

2 Schimper's Plant Geography, p. 69.
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correspond to the normal atui()Hi)lu'ric presMuro. Aecordino- to

Jaccard, a decrease in the })ressiire of oxyucn gives rise to an

accelerated growth and more profuse branching of the axis and

roots, together with an increase in the size of the leaves. The

water containing gas is taken np in small quantities by the roots

and translocated to the stem and leaves, and since plants possess

considerable power of accommodation they can do this for quite

long periods without injury.

Plants, like animals, respond to stimuli arising from various

causes, and while plants may not respond as quickly as animals,

their sensitiveness is in many instances more acute. Specific

stimuli give rise to definite responses, and the nature of the re-

sponse usually corresponds with some immediate need of the

organism. The presence of water charged with gas in the plant

tissues stimulates the demand for oxygen, which is manifested

in a greater root development and leaf surface.

Man and animals respond characteristically when subjected to

a decreased oxygen supply such as is caused by unusual exer-

tion like mountain climbing, running, etc. Dogs open their

mouths, run out their tongues and breathe more rapidly when

excited, and this is in reality a response to the demand for

more air or oxygen. In the same way, the increased size of

lenticels is a direct response to the demand for oxygen, although

in the case of both animals and plants it is purely reflex and

involuntary.

Illuminating Gas as a Factor in Forcing the DEVELor-

MENT OF Plants.

The stimulating effects of gas-charged water on willow cut-

tings led us to experiment with illuminating gas in other ways,

therefore a number of experiments were made to determine the

effects of atmosphere charged with the gas on the development

of dormant willow cuttings. Ether and other substances have

been used to stimulate plants in a dormant condition, and we

wished to learn whether gas would have the same effect.

The willow cuttings were placed under sealed bell jars in

vessels of water and subjected to an atmosphere of illuminating

gas for twenty-four, forty-eight, seventy-two, ninety-six and one

hundred and twenty hours, respectively. A number of cuttings



GO EXrEULMENT STATION. [Jan.

were used in each test, and after being treated for these differ-

ent periods they were removed from the bell. jars and placed

under greenhouse conditions to await the results of treatment.

Y\'hcn these cuttings were compared with untreated or normal

plants, as they were in all cases, a slight acceleration was found

in the development of all plants subject to gas for twenty-four,

forty-eight and seventy-two hours, although the gain was not

marked.
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THE INFLUENCE OF VARIOUS LIGHT INTEN-
SITIES AND son. MOISTURE ON THE
GROWTH OF CUCUMBERS, AND THEIR
SUSCEPTIBILITY TO BURNING FROM
HYDROCYANIC ACID GAS.

G. E. STONE.

The influence of light on photosynthesis, structure and devel-

opment of plants is well known to plant physiologists, but is

too little appreciated by growers of crops, whether under glass

or in the iield. It is also well known that plants grown in the

dark are pale and slender, with undeveloped leaves, and they

quickly wilt and die when exposed to diiferent temperatures

and light conditions. The variations in light intensity in the

greenhouse or in the field, such as occur in periods of cloudy

weather, affect crops greatly. There are many features con-

nected with greenhouse construction, such as inferior or dirty

glass, angle of the roof, heavy shadow-casting frames and others

which also play an important part in plant development. Cer-

tain light-requiring crops grown under the inferior light condi-

tions of November and December develop abnormally, and often

suffer greatly from wilts in the spring when the light is more

intense. The plants possess light-colored, thin leaves, elongated

and slender internodes and leaf petioles, and, in fact, are in a

state of partial etiolation.

Light inhibits growth and has a remarkable effect on the tex-

ture of plant tissue. While it has a great deal. to do with the

non-ripening and ripening of wood, moisture, temperature and

other factors also enter in.

The successful growing of lettuce under glass re(]nires excep-

tional skill, as much attention has to be given to the influence

of light, moisture and other factors on the crop to prevent what
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is termed " topbnrn," a certain texture being required U) do this.

Even a difference of a few degrees in the night temperature

exerts marked influence on the texture of the tissue. Lettuce

plants which are grown under a night temperature of 45° F.

differ greatly from those grown at a temperature of 50° F., the

structure of the ])lant being modified for each degree of increase

or decrease in the t(Mnperature. With the lower night temper-

ature there is less likelihood of burning than with the higher.

If a night temperature of 50° F. is maintained during cloudy

weather, and on a following bright, sunshiny day the tempera-

ture is allowed to reach 75 or SO'' F., topburn is likely to

occur. On the other hand, a night temperature of 40° F.,

during cloudj periods followed by a relatively high day tem-

perature, is not likely to produce any burning.

Light has a marked accelerating effect on transpiration, as

the stomata of the leaves open in bright sunshine, and the loss of

water from the foliage under these conditions is large. In the

blossom end rot of tomatoes, a disease caused primarily by

heavy drainage of water from the fruit during its development,

we have noted a difference of 35 per cent, in the amount of rot,

caused by the shading of the tomato plants by other plants,

reducing the transpiration.

Practical growers who have had occasion to fumigate green-

h(mses to destroy aphis, white fly and thrips have observed that

their plants will burn slightly at one time and at other times

not ; for instance, hydrocyanic acid gas, tobacco leaves or con-

centrated solutions of tobacco, and other fumigants sometimes

cause injury to plants and at other times produce no burning.

This is also true of spraying mixtures, whether used in the

greenhouse or field.

The experiments given here are designed to show some of the

causes underlying burning from fumigation, and were made by

Mr, F. L. Thomas during his course as a graduate student.

Tlie plants selected were cucumbers, as they are susceptible to

burning from various causes, and are also affected greatly by

variations in light intensity. The jdants were grown under five

cloth screens, ranging in grade from moscjuito netting to rather

finely woven cotton material, each covering a space 2 feet wide,

6 feet long and 2 feet high on a long bench in the greenhouse.
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The normal plants were grown in the same beneh Lnt were

not screened, and the light conditions were the same as those in

the greenhouse. The house is new and the light excellent,—
only about 18 per cent, less than out of doors. The relative

light intensity under the various conditions varied sufficiently to

cause considerable difference in the development of the plants.

These differences were determined by chemical methods accu-

rate enough to warrant the average relative light conditions

being obtained, but not adapted to measure the absolute light

intensity.

In the following tables are given the results of experiments

wath the effects of different light intensities on the growth of

cucumber plants and their susceptibility to burning from hy-

drocyanic acid gas. In each experiment 6 groups of plants

were used, Xo. 5 being grown under nonnal greenhouse condi-

tions and the others under varying light intensities.

Since two of the screened compartments gave practically the

same light intensities, and the results obtained from the plants

in these sections were similar, they were averaged together and

appear in the table under No. 2. The plants were grown in

Y-inch pots and entirely under the screens. The moisture content

of the soil was kept fairly uniform in each series. After the

plants had reached a certain degree of development they w^ere

placed in a tight glass case containing about 30 cubic feet, and

each series was fumigated at the same time under similar

conditions as regards exposure and the amount of hydrocyanic

acid gas. The plants were all fumigated with .007 grams of

cyanide per cubic foot, a strength commonly used in greenhouse

work, and known as formula ^ 1-2-3,— one part cyanide, two

parts sulfuric acid and three parts water. After undergoing

this treatment for forty minutes to one hour the plants were

removed from the case and the results noted.

1 Bui. 123, Mass. Agr. Ebcp. Station, 1903.
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Table I. — Showing Effects of Different Light Intensities on tlic Growth

of Cucumber Plants and tlieir Susceptibility to Burning bij Fumigatiun

with Hydrocyanic Acid Gas.

Experiment I.— Duration, May 2 to June 6.

[Measare.r.ents in centimeters.]
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Summary Tabic.

[Measurements in centimeters.]
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plants and length of internodes were fonnd in those series where

the light was less, while, on the other hand, the shortest inter-

nodes and greatest diameter of the stems occurred in those

plants which received the most light ; but the average length and

width of leaf were variable, as shown in the table. The data

giving average length and width of the leaves were obtained

by multiplying the width by the length, and represent fairly

well the size of the leaf.

Tt will be noted that the plants growing where the light was

excluded had the largest leaves. The leaf development, of

course, varies according to the season, and is also affected by

light exposure, methods of pruning, etc., and greenhouse cucum-

bers usvially have much larger leaves than field cucumbers.

Whatever the optimum photosynthetic requirements for cucum-

bers may be, or what relationship exists between the size of the

leaves and optimum photosynthesis, we do not know ; but the

production of larger leaves under certain light intensities is

apparently a response to a demand for greater carbon assimila-

tion.

To summarize the results of these experiments: burning from

hydrocyanic acid gas is more extensive on plants grown under

poor light conditions than where the light is good, showing that

weak tissue, such as is produced by inferior light, is more sus-

ceptible to burning from fumigation.

Influence of Varying Percextages of Moisture on the

Development of Cucumbers and their Suscepti-

bility TO Burning from Hydrocyanic Acid Gas.

That the percentage of moisture in soil has an important

bearing on crop production, exerting a modifying influence on

growth and development, is well understood and usually taken

into consideration by experimentalists. PlantvS will make

greater growth in a relatively moist soil, although there is an

optimum moisture contc^nt of the soil for most })laiits. Besides

growing more ra))i(lly, a ])lant in a moist soil develops a dif-

ferent type of tissue, which is usually less resistant to various

injurious agencies than the dry soil ])lant. Two or 8 per cent,

more water in a plant than what might be considered the nor-
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mal renders it more susceptible to winter killing, topburn and

even fungons infection. Lettuce, for instimce, will burn more

quickly when the tissue contains more than the usual amount

of water, and mildew and rusts are more common on plants

with a relatively high water content.

The object of our ex])eriments in growing plants in different

percentages of soil moisture was to determine what inlluence

soil moisture had on the development of the plant, with special

reference to susceptibility to burning from hydrocyanic acid

gas. We used cucumber plants, as before, growing them in

small, galvanized iron pots holding about l^^^j kilograms of soil.

The soil was the greenhouse type, containing considerable or-

ganic matter, with a water-retaining capacity of 47 per cent.

The total water-retaining capacity of the soil in these experi-

ments was regarded as 100 per cent. The various soils in the

pots w^ere maintained at 10, 20, 50 per cent., etc., of the total

water-retaining capacity.

xVfter reaching a certain degree of development under green-

house conditions the plants were placed in a tight case, as in the

preceding series of experiments, and treated with .007 grams

of cyanide per cubic foot, as before. After treatment the plants

w^ere taken out of the case and left for further observations.

Table II. —Shoiving the Effects of Different Percentages of Soil Moisture

on the Growth of Cucumber Pkmts and their Susceptibility to Burning

from the Use of Hydrocyanic Acid Gas.

ExpERiMEJ^T I. — Duration, June 5 to June 20.

[Measurements in centimeters.]
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Experiment II. — Duration, March 12 to April 11, 1912.

[Measuroments in centimeters.]





Fig. 1. — Showing ciKnunbor i)l;iiits growing in dilftTL-ut ijerccntagos of moisture.

No. 1, in 10 percent.; No. 2, in 15 per cent.-, No. 3, in 20 per cent.; No. -1, in 50

per cent.; No. 5, in 60 per cent.; No. 6, in 70 per cent, of the total moisture con-

tents of the ^;(lil.

Fig. 2. — Showing leaves taken from (•ucinnl)er jilants grown in (iitferent

percentages of moisture, corresponding to those sliou n iii I'ig. 1.
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ill tlic preceding tal)l(' it is sliowu that different percentages

of soil moisture exert a marked influence on the development

of the plants, and their susceptibility to burning from fumiga-

tion. It will be noticed (see Summary Table) that the average

height of the plants was greater and the leaves larger in the

pots containing the largest percentage of water. (Cf. Figs. 1

and 2.) Also the diameter of the stems and length of leaf

petioles and internodes was greater in the phmts growing in a

higher percentage of soil moisture, although in the case of the

plants growing in pots containing 70 per cent, of water there

was too much moisture for the best development.

In Experiment I. the water was supplied largely to the sur-

face of the soil, and in II. and III., below the surface. The

plants growing in soil containing over 50 per cent, of moisture

burned most severely, while those in soil containing less were

not affected nearly so much, showing the extent of injury to bo

proportionate to the amount of soil moisture. Examination of

some of the leaves under a microscope showed much variation

in the number of stomata. The upper leaf surface of a cu-

cumber plant grown under normal moisture conditions had 27

stomata to the square millimeter, while that of a plant grown

in soil containing 10 per cent, of moisture had only 11.

Those who have used cyanide to any extent in greenhouses

are well aware that it has a rather narrow range of safety, and

that burning will occur at one time and not at another when

the conditions are apparently identical. Most fumigating is

done after dark, and it is usually customary to first wet down

the greenhouse, on the idea that if the house is well filled with

moisture, fumigation is more effective, especially when tobacco

is used ; and by fumigating after dark less injury is supposed to

result from burning of the foliage. This latter notion is based

on the assumption that the leaf stomata close in darkness, and

therefore less gas is absorbed by the foliage, and burning is not

likely to occur.

There are numerous factors associated with the burning of

foliage by fumigation which are not well understood. The

effect of sunlight and atmospheric moisture, etc., on the burning

of tomatoes and cucumbers has been studied bv Dr. II. T. Fer-
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nald, Mr. W. V. Tower and Dr. C. II. Hooker ^ in the entomo-

logical greenhouse. Thej found that sunlight, cloudy weather,

moonlight, drops of water remaining on the foliage and too high

a moisture content of the atmosphere were all conducive to burn-

ing, and that less burning occurred on cloudy nights or clear

nights without moonlight. The best results were obtained by

fumigating on clear, starlight nights, with little or no moon-

light, or on dry, cloudy nights with a tem2)erature range of 55°

to 65° F.

Some observations recently made by Mr. S. S. Grossman in

our liiborntory show among other things that the stomata or

breathing pores, as always believed, close quite rapidly when

subjected to darkness, and open in the sunlight, and that vari-

ous gases result in a closing of the stomata. Mr. Grossman did

not have an opportunity to finish his work, but Mr. G. H. Chap-

man, research assistant, intends to continue it the coming year.

If the burning of leaves is caused by gases entering the stomata,

and if the stomata are closed by gases, then it is not apparent

why foliage should burn more severely in the daytime than

at night. Some experiments made a few years ago in our lab-

oratory by Mr. 11. M. Jennison, on the effects of various gases

on transpiration, showed that when-plants are subjected to gases

transpiration decreases rapidly, but in most of these experi-

ments, as well as in some of our own with illuminating gas,

there occurs a secondary rise in the transpiration curve shortly

after the first drop. From these experiments it would apjiear

that various gases cause a marked retardation in transpiration

at first, followed by a brief but marked acceleration, after which

a general retardation in transpiration follows. ^ It is possible

that the stomata of the gas-treated plants may open again

shortly after being closed by the gas, and finally close again.

Observations on this point, however, are not sufficient for us to

draw any definite conclusions.

The effect of burning on foliage is varied, in some cases

merely the margin of the leaves being burned. Sometimes

burning takes the form of numerous small spots on the leaf,

» Twenty-first Ann. Rept., Mass. Agr. Exp. Station. 1909, p. 73; Twenty-second Ann. Rept.,

Mass. Agr. Exp. Station, 1910, p. 214.

« .Iiimelle found fs-c Sfihneider, Bot. Gaz,, Vol. XVIII,. p. 57) that sulfuric ether increased

transpiration in lieht and retarded it in darkness, while Schneider found that by this treatnnent

transpiration was retarded under all conditions.
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and this would appear to prove that buruing takes phicc through

tho stomata. In other cases burning appears in more or less

large, irregular spots scattered over the leaf, which was the case

in these experiments. The margins of the leaves of cucumbers

at times become injured from excessive transpiration, the thin

and apparently less developed tissue farthest from the water

supply being most susceptible. From the nature of many of the

burnings resulting from fumigants in these experiments, it does

not appear that the condition of the stomata has anything to

do with the susceptibility to burning, but is due rather to the

condition of the tissue. The experiments bear out this conclu-

sion, it being found that the plants grown under conditions

calculated to develop a less resistant tissue are the ones which

burn most severely, and that any condition which has a ten-

dency to develop immature tissue favors injury from fumi-

gants. Other factors, such as the continued use of too high

temperatures, and probably in some cases certain fertilizers

and stimulated growth from various causes such as pruning,

growing in sterilized soil, electrical stimulation, etc., bring

about the formation of tissue susceptible to burning; and while

burning may be associated in some cases with the condition

of the stomata and with the process of photosynthesis, the de-

velopment of the cuticle and texture of the tissue in general

plays an important part. In plants growing under more or

less dense shade ^Ir. Thomas noticed, as anticipated, that the

epidermis was more poorly developed than that of those plants

growing under better light conditions, and that the hairs on the

leaves of the well-lighted plants were much larger and more

numerous than those on the leaves of the poorly lighted plants.

Ecologically, hairs are for the purpose of modifying the effect

of light and transpiration, but whether their presence has any

bearing on susceptibility to burning was not learned. The dif-

ference in the numlx'r of stomata on the upper surface of the

leaves of plants growing under varying moisture conditions

is evidently an adaptation to transpiration.

As regards the various factors associated with burning, such

as light, atmospheric moisture, temperature, etc., we are in

need of more experimental evidence relating to the specific role
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which each factor may play. The experiments of Dr. Feruald

and ^lessrs. Tower and ,llooker, already referred to, were not

all made at the same time, which unfortunately introduces a

varying factor. They observed that drops of water on the

foliage caused burning. Burning often results from fungicides

remaining in a liquid form for even a brief period on the foliage.

Water apparently absorbs hydrocyanic acid gas, since we have

found that trout, which are very susceptible to this gas, located

in an aquarium outside the compartments in greenhouses being

fumigated with this gas, are killed, although goldfish do not

seem to be affected.

While these experiments do not throw liglit on all the factors

involved in susceptibility to burning, they do demonstrate that

burning by fumigation with hydrocyanic acid gas is induced

by a difference in the development of the tissue, whether brought

about by inferior light conditions or excessive moisture in the

soil, the more poorly developed tissue being more susceptible

to burning. Further experiments are being conducted in our

laboratory to throw more light on the influence of other factors

on burning.

The most important practical feature brought out by these

experiments is that fumigation should be done only when the

plants are in the right condition. Any expert gardener can de-

termine at a glance whether his plants are develojiing normally,

and under glass he can control the environment to a large extent.

Care should be used in fumigating during periods of cloudy

weather, as under these conditions the same amount of resistant

tissue is not developed. Low night and day temperatures, as

well as a decrease in the soil moisture, counteract this to some

extent, but the presence of light is the most important factor

in developing resistant tissue. Fumigation will caus(» less in-

jury following bright than cloudy weather, and should not be

done for two or three days after a cloudy period, so that the

plants will have a chance to harden up their tissue. Plants

growing in relatively dry soils are affected to a less degree by

fumigation than those in moist soils. The same care and atten-

tion should be given to prevent injury from fumigation that is

used by lettuce growers to prevent topburn.





Fig. S. — Sliowiiif; elm tree slowly tlyinir, with stairhead ftfoct.

Note (lead, stuliliy liraiiclies at llie toii.







1913.1 PUBLIC DOCUMENT— No. 31. 73

SHADE-TREE TROUBLES.

G. E. STONE.

Stagiiead and Root Injury.

Many trees since the year 1904 have been showing a charac-

teristic trouble called " staghead." This was particularly no-

ticeable in different degrees of severity on the red maple {Acer

ruhrum) during the summer of 1904, caused by winter killing

of roots, etc. In some cases the injury took the form of a

scant production of foliage at the top, while in others most of

the foliage at the top would not grow to more than one-fourth

its natural size (Fig. 1) ; and in still other cases, and by far the

most common, the top of the tree died outright (Fig. 2). In

the cases where the foliage was merely thin the trees recovered

the following season and have remained in a normal condition

since. In others, the foliage at the top would become contin-

ually more scant and more limbs affected, until eventually the

whole tree would die. Owing to a defective root system a very

large number of maples were affected in this way.

During the past two years a large number of trees in the

northeastern part of the United States have shown this staghead

effect. The trouble appears to have come from the root system,

but whether due to winter injury or to the extreme drought

which has been common the last five or six years, or to both, is

not known at the present time. There are many varieties of

shade trees affected in this way at the present time, and this

means their ultimate destruction, since those that do not die

outright will never recover their tops, and are therefore worth-

less as specimens of shade trees. This dying back is particu-

larly noticeable on elms, which appear to haA^e been affected at

the roots for possibly eight years (Figs. 3 and 4). Owing to

the different habits of branching, — the rock maple possessing

one main leader, while the elm has a number, — their manner
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of dying back is different from that of maples. In the latter

the most direct channel for the conduction of water is usually

through a single leader, while in the elm the water is conductod

through several leaders. The center of a nui{)k' is therefore

aifected first, but in the case of the elm the trouble may be no-

ticed in some cases on one side of tho tree alone, while in others

the whole tree suffers. With some trees the terminal twigs and

branches die gradually, it requiring from three to six years for

the tree to collapse, while again the tree may die very suddenly.

Sometimes a great many of the smaller branches and the re-

maining branches and twigs are characterized by dense (Fig. 5)

tufted foliage. The black oak (Quercus ellipsoidalis) and the

white oak (Q. alba) are affected by winter killing in some sec-

tions, and an examination of the roots of numerous trees showed

them to 1)0 in very bad condition (Fig. 6). A principal fea-

ture (»f the dying back of the oak in some localities is the pro-

duction of clusters of unusually large and abnormal leaves here

and there on the twigs and branches — the tufted foliage al-

ready mentioned.

A large number of chestnut trees not affected in any way with

chestnut blight have the last three or four years developed stag-

head. While the symptoms of this dying back are not alike in

all cases, they are easily distinguished from those caused by

other agents such as gas poisoning, etc. In a majority of cases

trees showing this staghead effect, whether from drought or

winter killing, die gradually, and even when their death is more

or less rapid there are few of the symptoms characteristic of gas

poisoning. Trees poisoned by gas usually die quickly and dis-

integrate rapidly ; besides, the diagnostic features to be found in

the tissues Of trees killed by gas are entirely different. When a

tree is affected by gas the poisonous constituents are slowly

translocated from one part of the tree to the other, and the

symptoms of this type of injury may be easily distinguished

from that of other types.

A characteristic feature of trees affected with staghead, more

conspicuous in slowly dying trees, may be seen in the increase

of the benrtwood and decrease of the sapwood. A diminution

of the water current in the woody tissue appears to be the

cause of this transformation. As a consequence of this dimi-



Fig. 4. — Showing elm slowly dying, witli stagliead effect.





Fig. 5. — .siiowiiijf elm hraiicli with tufted foliage. A large percent-

age of the Ijranches on this tree are dead.







Fig. 6. — Showing winter-killed root

from elm tree. Note lack of line

fibrous roots, which have died.

Fifi. 7. — Showing elm tree

which has lost its outer

hark, resulting from in-

jury to cork camhium.
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nutioii the wood of the slowly dying trees is very brittle, and the

limbs and branches fall otf easily. Old trees reaching the end

of their grand period of growth usually show the same charac-

teristics, and for this reason they, too, become dangerous. For

many years we have observed the falling of limbs and trees, and

have noticed that outside, of course, of tempests, ice storms, etc.,

a large percentage fall when there is no wind and when the

atmosphere is unusually quiet, especially during October and

ISTovember after the leaves have fallen. The exact cause of this

we do not know, although it may be associated with some

physical or chemical change in the tissues occurring after defo-

liation. It is known, however, that water, oils and various

chemical substances modify the physical properties of the tissue,

and the water contents of a tree at different seasons of the year

vary, as shown l)y Clark/ from 25 to 70 per cent., and in

severe periods of drought the percentage of water may be very

low. That this variation mav have some influence here is sua-

gested by the behavior of chemically treated paper containing

wood fiber. When wet its tensile strength is increased.

Injury to Cokk Cambium.

A great deal of injury to the roots and other parts of trees

occurred from the severe cold of the winter of 1903-04. The

death of tissue from winter killing is induced by a variety of

causes and conditions, and we shall not attempt to discuss them

here except to state that any plant, whether indigenous or intro-

duced, is susceptible to winter injury if the conditions are

favorable. But it is not alwavs the case that all the living:

tissues are injured, since winter killing is often local, and even

a single tissue may be affected. Following this unusually cold

winter many trees died outright, and we found man^^ elms and

some sycamores which had lost their outer bark, apparently

because of injury to the cork cambium. Sometimes the bark,

cortex and phloem were all injured, but in most cases noticed

only the outer bark was involved (Fig. 7). This type of in-

jury would not in most cases be noticeable at first, but gradu-

ally the dead outer bark which had remained on the tree for

* Twenty-second Ann. Rept. Sec'y Mass. State Bd. of Agr., 1874, p. 288.



76 EXPERIMENT STATION. [Jan.

some time would peel off in reddish flakes, finally crumbling

into dust. We have observed cases in which all the outer bark

of large sycamore trees extending to the cortex had peeled off

without causing any particuhir harm.

Sun Scald.

Sun scald is a quite common type of injury affecting various

maples and other trees,-—-the apple in ])articu]ar, where it is

often associated with canker (Spha^ropsis). White pines, also,

when thinned too freely, will sun scald severely on the trunk.

Many shade trees in our State show injury from this cause, the

trouble being more common in some localities than in others.

In one section of a city in the eastern part of the State we found

a short time ago more than GO per cent, of the maples suffering

fi'om sun scald. TJie scars were invariably on the sunny side of

the tree, and more commonly on the southwestern side, where

the maximum tem])erature was usually found.

Sun scald docs not usually involve the whole trunk of large

trees, but in many cases, particularly small maples, the whole

tree will suffer. A few years ago on one street in a compara-

tively short distance, sixteen maples might have been seen which

had (lied from sun scald, and at one time most of our wild

cornels {('orniis circinala) suffered severely from this trouble,

many of them never recovering. The 'moose maple, a shade

plant, seldom scalds in its native habitat but when timber

is removed and the sun allowed to enter, it is affected. This

tree is undoubtedly the most sensitive of any to sun scald.

Most cases of sun scald are followed by an outbreak of

Nectria cinnaharina, as is often the case with winter killing,

and unripened wood is more susceptible to the trouble than

well-ripened wood. The under branches of unpruned apple

trees are especially susceptible to sun scald, while the upper

branches, which receive the light, are affected the least.

Bleeding.

A great many trees suffer from bleeding from different types

of injury, such as borers, frost cracks, s])litting of the trunk

and occasionally linemen's spurs. Often trees filled with cement
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bleed, the exudation causing an unsightly appearance of the

bark. Bleeding to excess is very injurious. Sometimes the

death of trees from this cause is sudden, and in other cases

the tree will linger, gradually dying back at the top, and even-

tually collapsing. The exuded sap, known as " slimy flux,"

usually contains a large number of micro-organisms which give

the sap a peculiar odor. Elm trees often show a white streak on

the bark caused by some injury resulting in bleeding, and ma-

ples are also quite often affected, sometimes going into a slow de-

cline, followed by death from bleeding alone. In one instance

we observed a maple of fairly good size which had frost cracked

so badly that it did not live for more than five or six weeks,

the numerous cracks extending from the top to the bottom of

the trunk. These injuries are a difficult class to treat, and at

present no satisfactory method is known.

Injuries from Snow.

Vegetation is occasionally injured by snow. The leaves of

coniferous trees— Pinus Strohus, for example —• are sometimes

affected, and the needles on the lower limbs of small pines

which have been covered by snowbanks in the spring turn brown

and die. But injury from snow is not very common, and has

never been known to cause serious harm.

Earth Fillings.

The remodeling and regrading of streets, lawns, etc., often

necessitate filling in around trees. These earth fillings are

usually fatal to trees, due no doubt as often to the effects of the

earth on the bark as to the lack of air to the roots from the deep

covering of the soil. We have seen trees growing on a bank

with one side of the root system and part of the trunk covered

with soil. Those parts covered with soil gradually died, and

finally the whole tree collapsed. The maximum depth of soil

around the trunk was not more than 8 inches, but the roots were

covered for 18 to 20 inches. The soil used for refilling was of

a fine texture, — undoubtedly more injurious than a loose-

textured soil would have been. In this case the death of the
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trees was caused by too close contact of the soil with the bark.

When a stone wall is first built around the tree at sufficient

distance to allow for future growth, to keep the soil away

from the trunk, trees filled in to a height of 5 or G feet have

been known to survive for many years.

Some trees are undoubtedly more easily injured by earth fill-

ings than others, but building a wall around them to keep the

dirt from the trunk, or even the use of cobble stones, brick or

coarse gravel close to the trunk, tends to prevent injury. Bank-

ing soil for even a few inches around young trees sometimes

causes injury. In the case of a youug orchard which we ob-

served a few years ago soil was piled up 3 or 4 inches around

the trunks of some of the trees for the purpose of protection,

but in nearly all instances the tissue underneath was dead, while

the trees not treated in this way were all alive.

There are many instances where trees which have been buried

partly up the trunk threw out a new root system nearer the

surface of the soil. The tree shown in Fig. 8 had been filled in

with soil to a depth of 4 feet thirty-five years ago, and in re-

moving the tree it was found that the old stump and roots were

all decayed, but the new surface roots had proved sufficient to

support the tree.

Exposure of Eoots.

Occasional injury occurs to the large roots of trees from re-

ffradinir and other causes. A few vears ao-o we had occasion to

examine a large number of hickory trees (Canja aiha) located

on a country estate which had been injured quite seriously,

apparently from sun scald. They had been growing for many

years under natural conditions and were fairly vigorous, but

during the construction of a large house, and the regrading of

the ground, many of the roots— particularly the buttresses—
had become exposed. In every case where the soil was taken

from the base of the tree and the roots wove exposed, the tissue

was all sun scalded, but the tissue on the underside of these

roots was perfectly normal. In some cases this caused the death

of the trees.

It is sometimes possible to expose the larger roots of trees

without doing any harm, but at other times sun scald will



Fig. S — Tnmk of an elm tree showing old trunk and new formation of roots. I'lioto from
W. F. Gale, City Forester, .Springfield, Mass.
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result. In cities whore the streets are constantly being regradeil,

the surfaces of the larger roots may often be found exposed,

but in perfectly normal condition.

Injuries fkoal Various TREAT:srENTS.

We have at different times had occasion to observe injuries to

shade trees brought about by various causes, in many cases

resulting from treatment applied by careless or ignorant per-

sons. The present widespread treatment of various pests, as

might be expected, has made necessary the testing of different

remedies, some of which have proved to be more injurious than

the pests themselves. These materials have not only been used

by careful people trained in the use of different methods for

controlling insects and fungi, but by others who are reckless

to the point of seeming to delight in taking chances.

Oil. — Many different oils have been used for spraying insect

pests, some of which have proved reliable and others injurious.

Kerosene oil can be used on some plants under certain condi-

tions without causing injury, while in other cases it will kill

them. A few years ago there was placed on the market a

spraying device for the mechanical mixing of kerosene and

water in different proportions, but when these materials are

mixed mechanically they usually separate, and they have been

responsible for the death of many trees. The oil soaks into the

bark and often reaches the cambium and sapwood, destroying

the tissue ; and we have seen quite a few shade trees killed by

spraying with kerosene and water to exterminate wooley aphis.

In some cases every part of the tree touched by the kerosene

was injured, while in others the injury was only local, a more

commonly noticed condition on thick-bark trees, while the for-

mer case was invariably restricted to trees with thin bark. The

bark of trees killed by the use of kerosene presents a different

appearance and develops usually a different type of fungous

flora from the l)ark of trees dying from other causes; besides,

traces of the oil, which remain on the tree for a long time, can

be detected by the sense of smell. A fair diagnosis of this

type of injury may be made from specimens of the bark, but

when there are comparatively slight local injuries it is best to

examine the tree in situ. Even slight traces of oil may be
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detected by removing small portions of the outer bark on the

sunny side of the tree, the sun's heat causing a slight volatiliza-

tion and perceptible odor.

Gas oil, a heavy oil used in the manufacture of water gas,

is very injurious to trees when used as a spray. A few years

ago several hundred shade; trees were severely injured in one of

our eastern cities by spraying the trunks with this oil to kill

clusters of gypsy moth eggs, it being used without any knowl-

edge of its adaptability to this purpose (Fig. 9). The oil

quickly soaked into the bark, cortical tissue and cambium, and

in some cases extended into the sapwood for one-half to three-

fourths of an inch. This injury occurred even on trees with

fairly thick bark, killing all the living tissue wherever the oil

was applied. While in some instances the trees did not show

extensive injury, in others the trunks w^ere 50 to 90 per cent,

girdled, and many of the trees died from complete girdling.

The most striking feature of this case was the ability of the

trees to produce perfect foliage even after serious injury had

been incurred. One tree w^as examined whose trunk was girdled

for a height of 15 to 20 feet, but this tree persisted in produc-

ing foliage for two years after the bark had fallen off. An
explanation of this remarkable case consists in the fact that the

heavy oil soaking into the sapwood prevented it from checking

or cracking, therefore the supply of water from the roots was

uninterrupted. The trees treated were elms, different species

of maples, etc. The presence of oil in the sapwood in the cases

cited above Avas of the greatest aid in preventing cracking and

in helping to maintain the transpiration current and a full crop

of foliage, and this bears out the recommendation that tree

wounds should be painted or treated in some way very soon

after they are formed to prevent cracking. It is sometimes

necessary to scrape the wound before applying the paint.

Ordinary house paint, although a crud(> enough treatment,

has sometimes been used by ignorant persons on smooth-bark

trees, with of course resultant injury.

Occasionally commercial oils used for sju-aying fruit trees

for the San Jose scale cause local injury, and some shade trees

have been known to be affected by their use.

Oils and other materials to keep down the dust in roadbeds



Yio. 9. — Showing effects of spraying heavy oil ou

trees. The oil penetrated the bark and killed

the tissue.
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are now much in use, and wc have observed some injury from

this source, when the trees were located close to the highway and

the buttresses of the roots were exposed. The roots are much

more susceptible to injury from various causes than are the

trunks as they are not so well protected by bark, and when oil

sprinkled on a roadbed touches some of the exposed roots it kills

the tissue. Particles of dust from oiled roads which sometimes

alight on the foliage of trees are said to cause injury, but this

type of injury is rare with us. Whether the oil ever extends

deeply enough into the roadbeds to reach the root system of trees

is not known as yet, but if it does it may cause serious injury.

Neither are there specific cases of injury to the roots of trees by

the dripping of oil and gasoline from automobiles, although if

this leakage were sufficient it might reach the roots and cause

injury. Not long ago, however, our attention was called to a

tree supposed to have been killed by gasoline leakage from a

near-by garage.

Creosote. — This material is used extensively on trees for

disinfecting cavities, and mixed with lampblack for painting

gypsy moth egg clusters. It does not appear to penetrate to

any great extent when combined with lampblack. We have ex-

amined a great many trees to discover injuries from its use

with no success except in the case of linden roots which had been

exposed by regrading, where the underlying tissue was injured.

But such instances arc rare and the injury purely local in char-

acter.

In one case a combination of creosote and naphtha applied

to a large number of trees for the destruction of gypsy moth

caterpillars appeared to soak into the outer bark, apparently

killing the cork cambium, which later resulted in a disintegra-

tion of the tissue. Whether these substances did further injury

to the tree we were not aide to learn.

Coal Tar. — Coal tar is mucn used for painting wounds and

scars caused by pruning, and sometimes injures delicate tissue

when first applied. The injury, though, is not serious, as shown

by the fact that various saprophytic fungi have been applied

over dead, punky wood. Therefore after coal tar has been on

for some time it is evidently not injurious to even delicate

tissue.
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Banding Substances. — A. study of the effects of different

banding substances has been published in the 1907 report of

the Hatch Experiment Station. The writer has since then had

an opportunity to study these effects quite extensively. Tan-

glefoot appears to be the only substance that docs not cause

injury when applied directly to the bark, i.e., when tarred or

other heavy paper is not used. Many laboratory samples of sub-

stances reseiiibliiig tanglefoot have been made u]), but in only

one instance have any of these materials resembled tanglefoot

in practically all its properties ; at least, among those which

have come to our notice. While the injuries from banding

substances have been quite pronounced, practically all of the

substances causing injury have now been discarded.

An examination of many trees treated with the so-called

tanglefoot has revealed only one case of girdling, and even

in this case we were not able to obtain any clue to the manu-

facturer of the particular material causing the injury. This

substance, although resembling tanglefoot, may have been one

of its many imitations, some of which are known to cause in-

jury. The only other case of injury from tanglefoot was

where it had been applied to the trunk at the same place for a

number of years. The oil seemed to penetrate the out(>r bark

to some extent, aft'ecting the texture of the bark ; but this in-

jury is not serious, so far as we have observed, and can be

prevented by changing the location of the band occasionally.

We have never noticed any injury from the use of tanglefoot

to the cortical tissue or cambium located just underneath the

bark. Our previous experiments show that the most delicate

tissue was not injured when it was applied to various ])lants.

But injury was noticed to smooth-bark trees when other banding

• substances were applied even on tarred paper. Tarred paper

alone is capable of injuring the bark of some trees, and the

injury mentioned above may have been caused in tins way.

Bolt. — Salt used on sidewalks, in gutters and on trolley

lines in winter has been known to cause injury to the root sys-

tems of trees. In one instance we noted injury to several small

maples growing near a sidewalk and gutter which had been

treated heavilv with salt. In one or two other cases where salt
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had been used extensively on trolley tracks injury to trees was

suspected.

Other Injurious Factors. — Arsenate of soda, potassium

cyanide and other chemicals are extremely poisonous to trees,

and when placed in holes bored in the tree the two first named

will soon cause death. Since arsenate of soda is often used as

a weed killer, it is recommended that care be taken in applying

it aroimd the feeding roots of trees.

A quite common opinion among lino-men is to the effect that

copper spikes driven into trees will kill them, but a small maple

so treated by us a few years ago showed no abnormal symptoms.

The foliage of different trees is often injured by spraying

with various fungicides and insecticides. It is well known that

plum and peach foliage is quite susceptible to this type of in-

jury, and even the leaves of maples and other trees may be in-

jured by arsenate of lead. The extent of the injury depends

not only on the nature of the spraying solution or mixture used,

but also on the condition of the foliage sprayed. We have ob-

served injury to maples from the use of 12 pounds of arsenate

of lead to 100 gallons of water, and Paris green, owing to its

present-day uncertain composition, often burns foliage.

Burning insect nests with torches, although a common prac-

tice, is a bad one, and invariably causes injury. Serious harm

often results from burning leaves and grass around trees ; and

the roots of forest trees, which are often close to the ground,

are sometimes injured by burning the imderbrush.

In conclusion it might be said that in any treatment of trees

one should always have before him some definite object; he

should leave strictly alone the numerous irrational methods

constantly being advocated, and apply to them first the measur-

ing stick of common sense.
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EXPERIMENTS RELATING TO THE CONTROL
OF POTATO SCAB.

G. E. STONE AND G. H. CHAPMAN.

Early ideas concerning the nature and cause of potato scab

in Europe and America varied quite widely, and the history

of the study of this disease and the discovery and isolation of

the specific organism causing it, together with the discovery of

measures for its control, afford a brilliant example of the effi-

ciency of modern pathological investigations. But it is not

our intent to give a detailed account of the history of this disease

as that has already been done by Dr. J. C. Arthur,^ Dr. J. E.

Humphrey," Dr. I\. Thaxter,^ and particularly Prof. H. L.

Bolley,"* who has given a very full bibliography of European

and American investigators.

From the earliest times many theories have been advanced

by different observers relative to the cause of potato scab.

Some of these early investigators attribute the cause of the

disease to different organisms, while others associate the disease

with iiinuincra1)le factors, such as soil, moisture, etc. Dr. J. C,

Arthur ^ appears to have been the first American pathologist

to study the causes of potato scab. His early experiments were

to determine the influence of various factors which some of the

older observers regarded as having a bearing on the cause of

the disease. In co-operation with Dr. C. A. Goessmann, how-

ever. Dr. J. E. Humphrey was working on the disease along

the same lines at practically the same time, although his first

publication appeared later than that of Dr. Arthur. On Aug.

26, 1890, Prof. H. L. Bolley, then with the Purdue Agricul-

tural Experiment Station, Ind., read a paper before the Ameri-

1 J. C. Arthur, 6th Ann. Rept. N. Y. (Geneva) Agr. Exp. Station, 1888, pp. 344-347.

2 J. E. Humphrey, 6th Ann. Rcpt. Ma.ss. Exp, Station, 1888, pp. 131-130; also 7th Ann. Rept.,

1889, pp. 214-223, and 8th Ann. Rept., 1890, pp. 216-230.

3 R. Thaxter, Ann. Ropt. Conn. Agr. Exp. Station, 1890, pp. 81-95; also 1891, pp. 153-160.

* Agr. Soience, 1S90, Vol. IV.. pp. 243-256; also pp. 277-287.

6 J. C. Arthur, Bui. 59, Purdue Univ. Agr. E.\p. Station, 1895.
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can Association for the Advancement of Science on potato scab,

which was published in the September and October number of

''Agricultural Science" the same year, and he established that

" (1) the disease is of parasitic origin; that (2) it is for the

most part conveyed to the growing crop by infection from the

tubers used as seed; that (3) much of the so-called 'smooth

seed ' is in reality infested with the germs of the disease ; and

that (4) planting seed tubers free from disease germs gives a

crop practically without scab."
^

His researches and experiments proved to be a great step in

advance. V/hile he apparently did not discover the true nature

of the organism he paved the way for investigations on the

prevention of the disease.-

The results of Dr. R. Thaxter's investigations, which were

carried on in 1890, v/ere read before the Association of Agri-

cultural Colleges and Experiment Stations N^ovember, 1890,

and later were published in a report of the Connecticut Experi-

ment Station. Ilis work largely confirmed that of Professor

Bolley. He isolated and cultured an organism with which he

was able repeatedly to successfully inoculate potatoes and pro-

duce the typical scab, although the organism was different from

that described by Professor Bolley. It should be noticed that

both Professor Bolley and Dr. Thaxter were working on the

same lines unknown to each other, and made their results public

at nearly the same time, each having arrived at similar conclu-

sions as to the cause of the scab. The organism which Dr.

Thaxter isolated was not a bacterium but a low form of fungus

possessing more or less indefinite relationships. He later named

this, Oospora scabies. Although this organism has been isolated

and studied by only a few other pathologists, it is generally

recognized that it is the principal if not the only organism asso-

ciated with the scab. It would not be at all unlikely that the

bacterium which Professor Bolley isolated is capable of produc-

ing a form of scab ; nevertheless, from the viewpoint of treat-

« J. C. Arthur, Bui. 56, Purdue Univ. Agr. Exp. Station, 1895.

2 Professor Bolley was thoroughly convinced that potato scab was caused by a pathogenic

organism, and from the first made use of corrosive sublimate in his experiments. He was unfortu-

nate in having very poor material to work with, and informs me that the .soil was badly contami-

nated with the scab and bacteria. Dr. Thaxter observed the fungus growing on the surface of

the potato, but Professor Bolley failed to find this, although he found plenty of bacteria.
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ment and remedies it matters little whether there is one organ-

ism or two associated with the disease. In either case remedies

are based on the same principle, i.e., the disease is caused by a

pathogenic organism and is infectious.

Professor Bollcy ^ later developed a method for preventing

the scab which has proved quite effective, at least under certain

conditions. This method consists in soaking the seed potatoes

in a solution of corrosive sublimate, 23 ounces to 15 gallons,

for a period of one and one-half hours. This is to destroy the

germs on the seed potatoes, and when this treatment is applied

with such necessary precautions as the avoidance of stable

manures, etc., it has proved effective, at least when the organ-

isms are not especially abundant in the soil. Experiments with

corrosive sul)limate were also carried on for three years by Dr.

J. C. Arthur,- and in the meantime both Professor Bolley and

Dr. Arthur were exj^erimenting with formalin, Professor Bol-

ley ^ as a remedy for the smut of wheat, oats and barley, and

Professor Arthur as a remedy for the scab. Professor Arthur ^

later published his experiments with the use of formalin as a

preventive of potato scab. He shows that formalin (40 per

cent, solution), used at the rate of 8 ounces to 10 gallons of

water, is effective and equal to corrosive sublimate, besides pos-

sessing fewer disadvantages in handling. Corrosive sublimate

and formalin have now been in use for many years as a pre-

ventive of potato scab, and both have been the means of greatly

reducing the disease. As they are designed to kill the organisms

on the surface of the tuber and not those in the soil it is always

necessary to use other measures to accompany the treatment

with the chemicals. Dr. Thaxter from the first recognized the

necessity of using clean seed potatoes and the avoidance of stable

manures.

Dr. B. D. ITalsted ^ has experimented with various substances

for the control of potato scab, and he has reported especially

favorable results from the use of flowers of sulfur applied to

» H. L. Bolloy, Bui. 4, North Dakota Agr. Exp. Station, 1891; also Bui. 9, 1893, pp. 19-95.

» J. C. Arthur, Bui. ,56, Purdue Univ. Agr. Kxp. Station (Ind.), 1895.

' H. L. Bolley, Bui. 19, N. D. Agr. Exp. Station, 189,5; also Bui. 27, 1897, and Eul. 37, 1899.

< J. C. Arthur, Bui. 65, Purdue Univ. Agr. Exp. Station (Ind.), 1897.

5 B. D. Ilulstcd, Bui. 112, N. J. Agr. Exp. Station, 1895; also Bui. 120, N. J. Agr. Exp. Station,

1897.
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the soil. He maintains that it not only proved to be the best

remedy for the scab but had a wholsome eflFect on the soil. Dr.

Arthur, on the other hand, found sulfur unpromising and dis-

continued experiments with it. His experience with sulfur was

corroborated by Dr. H. J. AVheeler ^ and Mr. G. M. Tucker,

who experimented to quite an extent with sulfur and various

fertilizers. They found that when sulfur was freely mixed with

soil badly contaminated with scab it had no appreciable effect

in controlling the disease, and was practically a failure. They

found, also, that stable manure of all kinds, wood ashes, air

slaked or caustic lime, carbonate of soda, potash, lime and

magnesia favored tlie scab. They obtained a scabless potato

with calcium chloride or land plaster (gypsum), and when

fertilizers were used without any free lime compounds no scab

occurred. They further observed that the marked acidity of

the soil or the absence of carbonates was unfavorable to scab.

They maintain that when the soil is favorable to the develop-

ment of scab, or when badly contaminated, the corrosive sub-

limate treatment is entirely useless as a preventive. The results

of Wheeler and Tucker's experiments are in accord with con-

ditions which we have observed in Massachusetts for many
years. The presence of carbonates in the soil will increase scab

from 2 or 3 per cent, to practically 100 per cent, in a relatively

short time, and the use of clean seed, or their treatment with

corrosive sublimate or formalin according to the formulas recom-

mended under these conditions, is of little value. On the other

hand, Avhen soils are imfavorable for the development of the

scab and are only slightly contaminated, formalin and corrosive

sublimate are very effective and have been of great value as

preventives of this disease.

ExrEKIMEXTS WITH VaKIOUS CheMICALS FOE THE PREVEN-

TION OF Potato Scab.

In the spring of 1908, as a result of much local complaint

relative to potato scab and methods of eradication from infested

soil, it was thought that it might be possible to treat the soil

with certain chemicals and in this way eradicate the trouble.

» H. J. Wheeler and G. M. Tucker, Bui. 40, R. I. Agr. Exp. Station Rept. 1896, pp. 80-96.
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Wheeler and Tucker have made many observations on the

intlucnce of fertilizers on potato scab. They found that such

substances as common salt, oxalic acid, calcium chloride and

land plaster (gypsum) did not increase the scab, and in some

instances appeared to lessen it. Various fung'icides and chemi-

cal substances have been tried by Arthur and others, some of

which were aj)})lied to the soil and others to the seed tubers.

]\Iany of these have been found beneficial in checking the scab,

but none appear to bo as effective as corrosive sublimate and

formaldehyde.

In our experiments arbitrary substances were taken, some

of which under proper conditions were known to have a fungi-

cidal action.

It was thought useless to use fertilizers in excess as a means

to the end, as it had been shown that fertilizers as a rule have

little or no effect on the increase or decrease of the scab in land,

with one exception. It was noted repeatedly on experimental

plots at the station that where potash was applied in the form of

the carbonate the relative amount of scab was always increased.^

The experiments described in the following pages were car-

ried on in circular, lined tiles with a diameter of 23 inches,

with therefore an area of approximately 424 square inches,

or a soil area of a little less than 3 square feet.

In the application of the substances no attempt was made to

bring the quantities nsed to an amount that would make them

commercially valuable, and up to the present time this policy

has been carried out, as the idea primarily was to find some

substance which would be beneficial in the eradication of the

scab, and then work the amount down to a commercial scale.

The potatoes used in all the experiments were free from scab,

but were all treated with formalin (1-250) to kill any spores

of scab fungus which might be present. After the tubers were

dried they were planted in the tiles which contained equal

amounts of soil known to be badly infected with the scab fungus.

In the experiments carried on in 1908 the substances and

amounts used are shown in Table I. Where liquids were used,

the amount of water in indicated proportions was added.

• Influence of Various Potash Salts on Potato Scab, 13th Ann. Rept., Mass. Agr. Exp. Station,

1907, pp. 39 and 133.
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Where solid substances were used, the substance was mixed

thoroughly witli the top 4 inches of soih

In the following table a check tile was used alternately with

a treated tile, and as the amount of scab on the potatoes in all

the check tiles was practically the same, the checks are

omitted :
—

Tahle I. — Plan of Potato Scab Experiments, IOCS.

Pot
Num-
ber.

SUBSTANCK USED. Amount used.

Formalin, 1-100,

Formalin, 1-200,

Formalin, 1-300,

Formalin, 1-400,

Potassium permanganate, 1-100,

Potassium permanganate, 1-300,

Potassium permanganate, 1-400,

Potassium permanganate, 1-500,

Sulfuric acid, 1-200,

Sulfuric acid, 1-400,

Sulfuric acid, 1-600,

Sulfuric acid, 1-800,

Acid phosphate,

Acid phosphate.

Acid phosphate.

114 cubic centimeters.

57 cubic centimeters.

38 cubic centimeters.

28.5 cubic centimeters.

57 grams.

38 grams.

28.5 grams.

23 grams.

57 cubic centimeters.

28.5 cubic centimeters.

19 cubic centimeters.

14.25 cubic centimeters.

57 grams.

38 grams.

28.5 grams.

The potatoes were cultivated in the usual way and allowed to

mature. When dug the yield was taken of each pot separately,

and the relative amount of scab as compared with the corre-

sponding check tile, but in most cases the yield and amount of

scab present closely approximated the check, so nothing of value

was obtained from this experiment, as a whole. It was noted,

however, that the tiles treated with formaldehyde or formalin

were somewhat freer from scab individually ; also in the case of

the permanganate very little yield was obtained, but the usual

amount of scab was present. The sulfuric acid treatment

showed possible beneficial effects, but the yield was so small

that no accurate comparison could be made.
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The experiments, on the whole, were very unsatisfactory,

and no deductions of any importance could be made.

The experiments of the season of 1909 were planned in the

same manner, but owing to other causes over which we had no

control the crop was lost before the examination could bo made.

In 1910 the exj^eriment as planned and carried out was as

follows :
—
Table II. — Plaii of Potato Scab Experiments, 1910.

Pot
Num-
ber.

Substance used. Amount used.

Formalin, 1-100,

Formalin, 1-200,

Formalin, 1-300,

Formalin, 1-400,

Potassium permanganate, 1-100,

Potassium permanganate, 1-300,

Potassium permanganate, 1-400,

Potassium permanganate, 1-500,

Sulfuric acid, 1-200,

Sulfuric acid, 1-400,

Sulfuric acid, 1-COO,

Sulfuric acid, 1-800,

Sulfur,

Sulfur,

Sulfur,

114 cubic centimeters.

57 cubic centimeters.

38 cubic centimeters.

28.5 cubic centimeters.

57 grama.

38 grams.

2S.5 grams.

23 grams.

57 cubic centimeters.

2H.5 cubic centimeters.

19 cubic centimeters.

14.2 cubic centimeters.

50 grams.

100 grams.

200 grams.

Upon examination it was found that the check pots were prac-

tically all scabby. This was taken as a basis of 100 per cent,

scab, and the results from the various treatments estimated in

relation to this basis.

Pots Nos. 1, 3, 5 and 7, which were treated with formalin,

showed the presence of scab as follows: in pot Xo. \ tlio ])otatoes

had only 10 per cent, scab, as against 30 per cent for pot jSTo.

3, 24 per cent, for pot ISTo. 5, and 70 per cent, for pot Xo. 7.

In the pots treated with potassium permanganate no yield

was obtained except in one case and one check, and here the

potatoes were about HO per cent, scabby in both cases.
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In the sulfuric acid trcatnuMit uo yields of potatoes were ob-

tained exccjU in the check tile, and they av(M-a£i;ed (iO ])er cent,

scab.

In the sulfur treatment the treated pots in <»-eneral showed a

sligLt gain over the untreated or check ])ots, but not enough to

warrant deiinitc favorable conclusions being drawn.

The plans for the experiments in the season of 1911 were

changed somewhat, and other chemicals substituted for some

that were previously used. This was the result of the non-action

or the negative results obtained from some of the substances

used. The whole method of choice of substances was of course

haphazard, as no foundation for the use of some was warranted.

In 1911 the chemicals used were as follows, and the only old

one to be used was formalin. Table III. gives the plan of the

year's experiments :
—

Table III. — Pkm of Potato Scab Expcmncnts, 1911.

Pot
Num-
ber.

Substance used. Amount used.

Steam-sterilized,

Steam-sterilized,

Steam-sterilized,

Steam-sterilized,

By-product A, . . .

By-product A, ...
By-product A, ...
By-product k, ...
By-product A,

By-product A, ...
K permanganate-formnlin,

K permanganate-formalin,

K permanganate-formalin,

K permanganate-formalin.

Copper sulfate, 1-1,000, .

Copper sulfate (1 gallon), 1-10,000,

Carbon bisulfid,

Carbon bisulfid.

Carbon bisulfid.

5 grams (dry).

10 grams (dry).

10 grams (wet).

15 grams (dry).

25 grams (dry).

40 grams (dry).

100 cubic centimeters, 6
grams.

25 cubic centimeters, 10
grams.

40 cubic centimeters, 16
grams.

60 cubic centi meters, 24
grams.

15 cubic centimeters.

25 cubic centimeters.

40 cubic centimeters.
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Til tlic first series, that of the steam-sterilized, it is noticed

tliat a fair yield of potatoes was obtained, and the anionnt of

scab on the check and treated tiles was as follows :
—

Check,

Check,

Check,

^er Cent Scab.
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The yield was small, however, both on the treated tiles and the

checks.

The series treated with carbon bisulfid showed some results,

the cheek tiles averaging 50 per cent, scab and the treated tiles

showing an average of 20 per cent.

It can be seen that this year's resnlts are showing some im-

provement over those of preceding years, and by elimination

only the most nsefnl compounds are to be used hereafter, with

perhaps one or two additions.

Table IV. — Plan of Potato Scab Experiments, 1912. ^

Pot
Num-
ber.

Substance used. Amount used.

By-product A,

By-product A,

By-product A,

By-product A,

By-product A,

By-product A,

Sulfur, .

Sulfur,

Sulfur, .

Naphthalene, .

Steam-sterilized,

Steam-sterilized,

Steam-sterilized,

Formalin, 1-100,

Formalin, 1-200,

Formalin, 1-300,

Formalin, 1-400,

Carbon bisulfid.

Carbon bisulfid,

Carbon bisulfid,

Nicine,

Nicine,

100 grams (dry).

300 grams (dry).

500 grams (dry)

.

100 grams (wet).

200 grams (wet).

300 grams (wet).

50 grams (wet).

100 grams.

200 grama.

50 grams.

15 cubic centimeters.

25 cubic centimeters.

40 cubic centimeters.

100 grams.

200 grams.

1 Numbers omitted were used as check tile. Potatoes treated exactly as in preceding experi-

ments.

In 1012 the experiments were carried on in a similar man-

ner, bnt for the most part chemical solids were used, with the
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exception of the formalin treatment, which remained the same

as the ])recediug years.

The by-product A treatment showed good results, especially

when applied dry in 500-gram amounts to the ])ot area. Even
in smaller quantities a decided benetit seemed to be obtained,

as can be seen from the following sunmiary :
—

Substance used.
Amount
used, Dry
(Grams).

Per Cent.
Amount
used, Wet
(Gram.s).

Per Cent.

By-product A,

By-product A,

By-product A,

Check, .

100

300

500

100

200

300

Appanmtly this substance has a good effect. The yield of

tubers was in all cases good. If the substance were applied at

this rate (500 grams to 3 square feet) it would mean about 7

tons to the acre, but it may be shown that a smaller quantity

would be sufficient. ]\Iuch more w^ork is necessary before any

definite opinion can be advanced as to the actual worth of the

substance.

The sulfur treatment showed slightly beneficial results, the

different tiles and check showing the scab present in the follow-

in£»; amounts :
—

Sulfur, 50 ,i>rams,

Sulfur, 100 -rams, .

Sulfur, 200 grams, .

Check,

70 per cent. scab.

50 per cent. scab.

()0 per cent. scab.

85 per cent. scab.

The yield of tubers was good in the case of the sulfur treat-

ment.

The naphthalene treatment showed no results, with very little

yield of tubers.

The steam-sterilized tiles, sterilized to a depth of G inches.

and corresponding check showed scab present in the following

amounts: —
Steam-sterilized soil (a),

Steam-sterilized soil {h),

Steam-sterilized soil (c),

Check,

00 per cent. scab.

40 per cent. scab.

30 per cent. scab.

00 per cent. scab.
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The yield of tubers was good in all cases.

The formalin treatment gave varying results, and when used

in quantities sufficient to do good would be probably imprac-

tical. The results with formalin were as follows :
—

Formalin 1-100, 30 per cent. scab.

Formalin 1-200, 40 per cent. scab.

Formalin 1-300, 70 per cent. scab.

Formalin 1-400, 70 per cent. scab.

Clieck, 75 per cent. scab.

The yield was only fair in these tiles.

The carbon bisulfid treatment gave negative results, as may

be seen from the following:—

Carbon bisulfid, 15 cubic centimeters, fair yield, 80 per cent. scab.

Carbon bisulfid, 25 cubic centimeters, poor yield, 3 per cent. scab.

Carbon bisulfid, 40 cubic centimeters, no yield.

The ]^icine treatment gave no results that could be inter-

preted as either beneiicial or otherwise.

The experiments for 1913 will be planned from an economic

point of view, and if possible the same experiments will be

carried out for a series of years, and plots used in addition to

the tiles.

In summarizing the results of experiments with potato scab

it will be noticed that many of the substances used had little

effect in preventing scab, while others seemed to possess some

value. Steaming the soil the second year was done somewhat

more thoroughly than the first year, but the results, on the

whole, were similar, i.e., in all the sterilized plots, 1911-12,

there w^as little evidence of reduction of the scab. Steaming

under pressure or for prolonged periods under no pressure

would determine once for all whether the scab germs are un-

usually resistant to heat. The heated soil, however, proved to

be beneficial to the crop, as the yield was good under this

treatment.

The best yield in 1912 was given by by-product A in dry

form, followed by the sulfur treatment, and the by-product A
wet treatment and steam heating. The most satisfactory treat-

ment from the yield point of view as well as that of treatment
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was bj-j)ro(lnct A, the drv mixture ])roviiig superior to the

wet. Our experiments with this substance also indicate that

any beneficial results from its use are carried over into the next

season, since in those plots iu which this substance was em-

ployed in 1911 the results were noticeable in 1912. The crop

obtained by the use of by-product A at the rate of 500 grams

to 3 square feet of surface, consisted of the cleanest tubers we

have ever observed in a soil which was l)adly contaminated with

scab, and, furthermore, it does not appear in the least to atfect

the growth or yield (see Fig. 1). The substance appears to

act slowly and continuously as a germicide, and may prove

even more efficient in the control of other fungi.
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AN OUTLINE OF SOME OF THE TOPICS COV-
ERED BY THE DEPARTMENT OF VEGE-
TABLE PHYSIOLOGY AND PATHOLOGY
SINCE ITS INCEPTION.

G. E. STONE.

The department of vegetable physiology was established in

the State Experiment Station in 1888, and Dr. James E.

IIum})hrey, nnder the supervision of Dr. C. A. Goessmann,

carried on investigations from November, 1888, to 1892, when

he resigned. A bibliography of the more important papers

published by the dei:)artnient follows :
—

Sixth annual report of tlie State Experiment Station, 1888: i:)otato

scab.

Seventh report, 1889 : general aceoiuit of fungi
;
potato scab ; fungous

diseases on the station farm; notes on material referred to the depart-

ment.

Eighth report, 1890: black knot of plum; mildew of encumbers;

brown rot of stone fruits
;
potato scab ; notes on various diseases.

Ninth report, 1891 : rotting of lettuce
;
powdery mildcAV of the cucum-

ber; various diseases; preventive treatment.

Tenth report, 1892 : diseases of the cucumber jjlant and violet dis-

eases: the black knot of the plum and cherry; gi-ain rusts; various

diseases: treatment for powdery mildew. (From 1892, when Dr. Hum-
phrey resigned, until 1895, the pathological work was temporarily dis-

continued, but in 1895 the department of vegetable physiology and

joathology was established and the work has been continued by the

writer since that time.)

Eighth annual report of the Hatch Experiment Station, 1895: this

contains mainly an outline of work, and brief references to some experi-

ment topics.

Ninth report, 1896: nature of plant diseases; a bacterial disease of

the cultivated sti'awberry {Micrococcus sp.f) ; stem rot of the cultivated

aster; leaf spot of decorative plants; leaf spot of Picas elastica (Lejj-

tostromella elastica Ell. & Ev.) ; a leaf spot disease {Graphiola PJwe-

nicis Poit) of the date and similar palms; a leaf spot of the begonia;
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a so-called black spot disease of the rose [Pilobolus crystallinus Tode)

;

a leaf blight or anthracnosc of the cucumber {Colletotrichum Lagen-

arium (Pass.) Ell. & Hals.); an unusual outbreak of two rusts,

—

asparagus rust {Puccinia asparagi D. C.) and a late rust of the Jjlack-

berry {Chrysomyxa alhida Klihn.) ; the tomato mildew {Cladosporiian

fulvum Cke.); a chrysanthemum rust; "drop" of lettuce {Sclerotinia

Libertiana Fckl.) ; wilt of maple leaves; topburn of lettuce.

Tenth rej)ort, 1S97: the causes of the failure of the jiolato crop of

1897 ; the "drop" of lettuce; the asiiaragus rust {Puccinia aaparagi

D. C.) ; the fire blight (Bacillus amglovorus (Burr.) DeToni)
;
quince

rust {Gymnosporangium clavipes C. & P.) ; brown rot of stone fruits

{Monilia fructigena Pers.) ; tlie chi-ysantheraum rust (Puccinia Tanaceli

S.) ; some leaf blights of native trees; a leaf blight of the sycamore

or buttonwood (Glcrosporium ne^'visequum (Fckl.) Sacc.) ; a leaf blight

of the butternut (Ghvosporium Juglandis (Lib.) Mont.) ; a leaf spot

of the chestnut [Scptoria ochroleuca B. & C.) ; a leaf spot of the wild

black cherry (S'eploria cerasina Pk.)

Eleventh report, 1S9S : scope of work; black spot of the maple (Rhy-

iisma acerinum (P.) Fr.) ; oak leaf blight {Gloeosporium nervisequum

(Fckl.) Sacc); walnut leaf blight (Ghvosporium Juglandis (Lib.)

Mont.); a muskmelon disease; rotting of cabbage; furtlicr considera-

tions in regard to the drop in lettuce; the chrysanthemum rust; a new

pansy disease; seasonal peculiai'ities of certain shade trees; overfeeding

of plants; the bronzing of rose leaves; cucumber wilt; some dilliculties

which city shade trees have to contend with.

Twelfth annual report, 1899: aster diseases; the bacterial cucumber

wilt; a geranium disease; muskmelon failures; the maple leaf blight

(Phylloslicta acericola C. & E.) ; the chrysanthemum rust; some experi-

ments in growing violets in sterilized soil; the relationship existing be-

tween the asparagus rust and the physical properties of the soil.

Thirteenth report, 1900: aster diseases; nematode worms; cucumber

mildew (Plasmopara Cubensis B. & C.) ; Russian lliistle in Massachu-

setts; influence of chemical solutions ui)on the germination of seeds.

Fourteenth report, 1901: the dying of cut-leaved birches; the present

status of chrysanthemum rust in Massachusetts; the effects of desicca-

tion on soil; melon failures; stem rots and wilt diseases; the present

status of the asparagus rust in Massachusetts; sterilization of soil in

greenhouses for fungous diseases.

Fifteenth report, 1902: peach leaf cuil (Exoascus deformans (Berk.)

Fckl.); ai)i)le leaf spot; sycamoie blight (Glccosporium nervisequum

(Fckl.) Sacc); strawberry root rot; apple scab (Fusicladium dendri-

iicum (Wallr.) Fckl.); cucumbei' wilt; sweet pea troubles; aster dis-

eases; potato blight (Phytophthora infestans (Mont.) DeBarry) ;

cucumber and meh)n diseases; asparagus rust (Puccinia asparagi

T). C.) ; chrysanthemum rust (Puccinia Chrysanthemi Roze) ; the cucum-
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ber mildew {Plasmopara Cubensis (B. & C.) Ilurnphrey) in Massachu-

setts; the muskmelon bliiiht; an apple leaf spot; a strawberry disease;

plum "yellows; " spraying' of linden and elm trees for leaf spot; erojjs

under tent cloth; experiments in heating soils; influence of sterilized

soil on seed germination.

Sixteenth report, 1903: influence of current electricity on i)lant

growtli; influence of atmospheric electrical potential on plants.

Seventeenth report, 1004: crops as related to weather conditions;

testing of seed ; the practice of soil sterilization ; influence of electrical

potential on the growth of jjlants; some important literature relating

to disease of crops not generally believed to be caused by fungi or

insects.

Eighteenth report, 1905: downy mildew of tomato {I'hytophlhora

infestans DBy.)
;
potato rot [Pliylophthora infcstans DBy.) ; cucumber

and melon blight; sun scald; burning- of conifers and evergreens; winter

killing; relation between soil aeration and germination and growth;

comparison of sterilized loam and subsoil ; influence of soil sterilization

on seed germination; an application of the copper sulfate treatment;

a comparison of the numbers of bacteria in stei'ilized and unsterilized

soils.

Nineteenth report, 190G : outline of work; seed work; jirevalence of

fungi, etc.; bacterial disease of cucumbers; bacterial disease of lettuce;

baeteriosis of geraniums; tobacco troubles; monilia on peach stem;

the lime and sulfur mixture as a fungicide; potato-spraying experi-

ments; banding substances for trees; effects of escaping illuminating

gas on trees; germination and growth in soils of different texture;

texture of Massachusetts soils.

Twentieth report, 1907: outline of the year's work; seed work;

seasonal peculiarities ; sun scald ; sun scorch premature defoliation of

trees; asparagus rust; asparagus Fusarium; peony troubles; potato

diseases; experiments with fungicides; influence of various potash salts

on potato scab (Odspora scabies Tliaxter) ; investigations relating to

mosaic disease; some factors which underlie susce^jtibility and immunity

to disease.

Twenty-first report, 1908 : brief notes on the weeds of Massachusetts

;

results of seed separation ; examination of onion seeds for fungous

spores; bacterial rot of cabbage and cauliflower; crown gall; the pres-

ervation of maple syrup ; onion rot ; onion smut ; a disease of the radish

;

celery crown rot; eel worms (Ileterodera radicicola (Greef.) Miill.) on

lettuce; influence of water on eel worms; influence of lime on eel worms;
effects of chemicals on vegetation ; substances and methods used in

exterminating weeds; seed Avork; common weed seeds in grass seed

and cattle foods.

Twenty-second report, ]909: diseases more or less common to crops

during the year; shade tree troubles; malnutrition; calico or mosaic
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disease of cucumber and melon ; notes on the occurrence of fungous

spores on onion seed; spraying injuries; control of certain greenhouse

diseases; damping-off fungi; spraying experiments with calcium ben-

zoate; seed purity work, 1909, seed germination and separation; sun

scorch on the i)ine.

Twenty-third report, 1910 : diseases more or less common during the

year; seed woi-k, 1910; an outbreak of rusts; sweet pea troubles; a

spinach disease new to Massachusetts; condition of fruit trees in gen-

eral; Fusarium disease of cucumbers and other plants; crown gall;

chestnut disease {Diaporihe parasitica Murrill) ; shade tree troubles;

the spraying of trees; a new type of spray nozzle; the clogging of

drain tile by roots; exi:)eriments relating to the prevention of the

clogging of drain tile by roots; abnormalities of stump growths; peach

and plum troubles.

Twenty-foiu'th report, 1911 : diseases more or less common during

the year; seed work for the year 1911; do Ave need a seed law in Massa-

chusetts; rust on Yinea; bronzing of maple leaves; a notable elm tree;

frost cracks; some observations on the growth of elm trees; coarse

nozzle versus mist nozzle spraying; a new method for the approximate

mechanical analysis of soils; the present status of soil sterilization; in-

fluence of soil decoctions from sterilized and unsterilized soils upon

bacterial growth; the effects of positive and negative electrical charges

on seeds and seedlings; electrical resistance of trees; experiments with

rose soils.

List of Bulletins issued by the Department of Vegetable Physi-

ology AND Pathology.*

Electro-Gerniinnfion, Asa S. Kinney, Bui. No. 43, 1897.

Nematode Worms, G. E. Stone, K. E. Smith, Bui. No. 55, 1S9S.

Asparagus Rust, G. E. Stone, R. E. Smith, Bui. No. Gl, 1S99.

Rotting of Greenhouse Lettuce, G. E. Stone, R. E. Smith, Bui. No. 69,

1900.

Growing China Asters, R. E. Smith, Bui. No. 79, 1902.

CucuEibers under Glass, G. E. Stone, Bui. No. 87, 1903.

Fungicides and Insecticides," G. E. Stone, H. T. Fernald, S. T. Maynard,

Bui. No. SO, 1902.

Lijuries to Shade Trees from Electricity, G. E. Stone, Bui. No. 91, 1903.

Fungicides and Lisecticides," G. E. Stone, H. T. Fernald, F. A. Waugh,

Bui. No. 96, 1904.

Tomatoes imder Glass, G. E. Stone, Bui. No. 105, 1905.

Blossom End Rot of Tomatdos, Elizabeth IT. Smith, Tech. Bui. No. 3,

1907.

Seed Separation and Germination, G. E. Stone, Bui. No. 121, 190S.

> These bulletins are no longer available for distribution by the Agricultural Experiment Sta-

tion, but may be found in any public library within the State.

2 Issued in co-operation with other departments.



1913.] PUBLIC DOCUMENT— No. .31. 101

Fungicide-s and Insect icidos/ G. E. Stoiio, H. T. Fcrnald, Bui. No. 123,

1908.

Shade Trees/ E. A. Start, G. E. Stone, 11. T. Fernald, Bui. No. 125,

1908.

Control of Onion Smut, G. E. Stone, Cir. No. 21, 1909.

Lime and Sulfur, G. E. Stone, Cir. No. 31, 1911.

Tomato Diseases, G. E. Stone, Bui. No. 138, 1911.

Microscopic Identification of Cattle Feeds, G. H. Chapman, Bui. No.

141, 1912.

1 Issued in co-operation with other departments.

- Issued in co-operation with the Massachusetts Forestry Association.
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DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY.

REPORT OF THE CHEMIST.

JOSEPH B. LINDSEY.

This report is intended to give an outline of the work in

progress by this department during the year ending Dec. 1,

1912.

1. Work of the Research Section.

(a) Work on the chemistry of insecticides undertaken in

co-operation with the department of entomology has been

largely completed, and a somewhat comprehensive paper on

the subject was published in the twenty-fourth report. A paper

on the chemistry of calcium arsenite was also presented by Mr.

Holland to the International Congress of Applied Chemistry

in September, 1912. Some additional work will be required

for several years in testing the purity of the insecticides em-

ployed each year in spraying.

A reasonably satisfactory method has been developed for the

quantitative determination of the insoluble fatty acids in butter

fat. It is now being applied in the analysis of fat produced by

cows at the 1)eginning and end. of lactation, and of that yielded

by fat and thin cows at the beginning of lactation. The objec-

tion to the method is the length of time required for its comple-

tion. Another method is under consideration which, it is hoped,

will yield equally good results in much less time.

The subject of the digestion depression produced by molasses

has been further studied by noting its peristaltic action on the

intestines. The observations confirmed those previously made,

indicating it to he without noticeable effect.

(&) Mr. Morse has made distinct progress in his study of



1913.] PUBLIC DOCUMENT— No. 31. 103

the effect of fertilizers upon asparagus. Phosphoric acid in

the ash of the roots was not changed eitlier by the absence or

by varying the amounts of phosphate ajiplied to the soil. Potas-

sium oxide in the ash varied with the amounts of potash applied

to the soil. Roots collected in the summer of 1911, at the close

of cutting for market, showed no apparent exhaustion of nitro-

gen in them by withholding nitrate of soda until midsununcr.

Sugar was, however, somewhat depressed by the absence of a

spring dressing of nitrate of soda. On the other hand, mature

tops collected in October, 1911, gave results showing a small

but persistent excess of nitrogen in samples from plots top-

dressed with nitrate in the spring.

In case of the plant food requirements of the cranberry, the

time has been devoted largely to observations to determine the

probable amount of plant food which may be lost in the ditches

as well as that which may rise through the peat and sand as the

water rises and falls with the changes in rainfall, and the use

of water for irrigation and flooding. The total amount added

to the irrigation tiles during the summer of 1912 was equiva-

lent to 190,000 gallons per acre. This should, theoretically,

carry with it into the sand in which the roots grow some 53

pounds of nitrogen, 30 pounds of phosphoric acid and 85 pounds

of jiotash \)vv acre. Other studies are in progress.

A study of the action of sulfate of ammonia on several of the

experiment station plots is in progress and considerable data

are being accumulated which, it is hoped, will throw some light

upon this perplexing problem.

(c) In addition to the above fundamental problems. Dr.

Lindsey has continued his studies on the digestibility of cattle

feeds, including cottonseed feed meal, cocoanut meal, flax and

wheat screenings, flax sliives and cocoa shells. An experiment

concerning the value of alfalfa hay in milk production has also

been com]ileted, and observations are still in progress concerning

milk substitutes for rearing dairy calves.

2. Report of ttie Fetjtiijzer Sectiox.

IMr. Ilaskins reports as follows :
—

Although the principal work of the fertilizer division has

been confined to the inspection of commercial fertilizers, yet
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(luring the winter months considerable work was accomplished

along other lines. The time available was partly devoted to

completing the ash analysis of asparagus roots, this being a con-

tinuation of work begun during 1911 in conjunction with fer-

tilizer experiments with asparagus. The ash analysis of tobacco

stalks pi'eserved under different conditions has been made for

the ])urpose of showing the variation in composition and of

emphasizing the importance of conserving all of the i)lant food

which is furnished by this class of material. The analysis of

14 samples of soil taken from different localities and at dif-

ferent depths has been made to show the tendency of potash to

accumulale in the subsoil to a depth of from 3 to 5 feet. This

work was undertaken for the purpose of confirming results of

analysis of subsoils on field A, which showed a remarkable

accumulation of potash. Some time has been given to co-oper-

ative work with the American Association of Official Agricul-

tural Chemists, particularly with reference to the study of new

and improved methods for the determination of nitrogen, phos-

phoric acid and potash. The Writer has served the association

for the past two years as referee on phosphoric acid. Consid-

erable preliminary work has been done in preparation for vege-

tation experiments on fertilizers to be conducted during 1913.

Free examination of refuse by-products, fertilizers and soils has

been made for farmers and farmers' organizations as in the

past; a more detailed account of this work will be foimd on a

subsequent page.

A larger number of commercial fertilizers has been regis-

tei'ed, collected and analyzed during the season than for any

previous year. The following summaries will give a fair idea

of the work involved and will show the condition of the fer-

tilizer trade for the year :
—

(a) Fertilizers registered.

(6) Fertilizers collected.

(c) Fertilizers analyzed.

(d) Trade values of fertilizing ingredients.

((?) Tiaw products and chemicals.

(1) Materials furnishing nitrogen.

(2) Materials furnishing potash.

(3) Materials furnishing phosphoric acid.
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(/) Mixed complete fertilizers.

(1) Grades of fertilizer.

(2) Summary of analyses and gnarantees.

(3) (Quality of plant food.

(g) Ground rock, mineral fertilizer or stonemeal.

(A) Lime compounds.

(i) Uree analyses of by-products, fertilizers and soils.

(a) Fertilizers registered.

Ninety-seven manufacturers, importers and dealers, including

the various branches of the trusts, have secured certificates for

the sale of 509 diiferent brands of fertilizer, agricultural chem-

icals, raw products and agricultural lime in the Massachusetts

markets. This is IT more than were registered during the pre-

vious year. They ma}- be classed as follows :
—

Complete fertilizers, ......... 328

Fertilizers furnishiuy phosjihoric aeiil and potash,.... 9

Grouiul bone, tankage and dry ground fish, ..... 55

Chemicals and organic nitrogen compounds, ..... 91

Agricultural limes, .......... 26

509

(b) Fertilizers collected.

An effort has l)een made to procure a representative sample

of every brand of fertilizer and lime which has been registered

in Massachusetts, and with few exceptions the effort has been

successful. During the early part of April, arrangements were

made, upon request, to sample carloads of cottonseed meal,

wood ashes, fertilizers and chemicals, these earlier shipments

being materials which were purchased for private use by some

of the larger consumers. Although this practice has made it

necessary to make a much larger number of analyses than for-

merly, yet it has some good features as it insures the inspec-

tion of a larger tonnage than would otherwise be possible,

besides furnishing the large consumer an analysis of his partic-

ular shipment. Large shipments of many private formulas

have been sampled upon request.

The inspectors have, during the year, sampled about 5,600



106 EXPERBIENT STATION. [Jan.

tons of fertilizer of all kinds, and in doing this have drawn from

OA'cr 15,000 bags. Thej visited 138 towns, called npon 329 dif-

ferent agents, and drew 1,180 samples representing 527 distinct

brands; this is 117 more samples, representing 45 more brands,

than were taken during the previous year.

(c) Ferlilizers analyzed.

Seven liniidred and two analyses have been made during the

year's ins})ection ; they may be grouped as follows: —

Complete fertilizers, 431

Fertilizers furnishing' phosphoric acid and j^otash, such as ashes, IG

Ground bone, tankage and iish, GS

Nitrogen compounds, both organic and mineral, .... 87

Potash compounds, 42

Phosphoric acid compounds, 33

Lime compounds, .......... 25

702

(d) Trade Valnes of Ferlil'izinc) Ingredients.

At a meeting of representatives of the experiment stations

of New England, Ncav York and New Jersey, held during the

first week of March, 1012, the following table of trade values

was adopted. The trade values represent the average cash cost

per pound at retail of nitrogen, ]')otasli and phosphoric acid as

furnished by chemicals and standard unmixed fertilizing mate-

rial in the principal markets in New York and New England.

The data which arc used in obtaining these values are the aver-

age wholesale quotations of chemicals and raw materials as

found in commercial ])ublications from Sept. 1, 1911, to March

1, 1912, plus about 20 per cent.
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Trade ]'alucs of Fertilizing Ingredients in Raw Materials and Chemicals

for 1011 and 1012.

Nitrogen :
—

In ammonia salts,

In nitrate
Organic nitrogen in dry and fine ground fish, moat and blood,
Orsranic nitrogen in fine ' bone, tankage and mixed fertilizers.

Organic nitrogen in coarse ' bone and tankage, . .

Organic nitrogen in cottonseed meal, castor pomace, linseed meal, etc..

Phosphoric acid: —
Soluble in water, ...........
Soluble in neutral ammonium citrate sohition (reverted phosphoric

acid),- ............
In fine-ground ' bone and tankage, .......
In coarse ' bone, tankage and ashes, .......
In cottoniseed meal, castor pomace and linseed meal, ....
Insoluble (in neutral ammonium citrate solution) in mixed fertilizers

Potash :
—

As sulfate free from chlorides, ........
As nuiriate (chloride), ..........
As carbonate, ...........
In cottonseed meal, castor pomace, linseed meal, etc..

Cents per Pound.

.5 25

4 25

00
5.00

• Fine bone and tankage are separated from coarse bone and tankage by means of a sieve having

circular openings one-fiftieth of an inch in diameter. Valuations of bone and tankage are based

upon degree of fineness as well as upon composition.

2 Dissolved by a neutral solution of ammonium citrate, specific gravity, 1.09, in accordance

with method adopted by the .\ssociation of Official Agricultural Chemists.

{e) Raw Produds and Cliemicah.

Forty-five samples of ground bone, representing 32 analyses,

have been collected and examined. The average retail cash

price has been $32.63, and the average commercial valuation

as calculated by the table of trade values has been* $29.24.

Ground bone has averaged 3.12 per cent, nitrogen, 75.32 per

cent, of which has been found active by the alkaline perman-

ganate method.

Twenty-eight samples of tankage have been inspected. The

average retail cash price for tankage has been $33.19, and the

average commercial valuation as calculated by the table of

trade values has been $33.05 per ton. Tankage has averaged

G.5S per cent, total nitrogen, of which 75.38 per cent, has been

found active by the alkaline permanganate method. Nitrogen

in fine tankage has cost on the average 10.08 cents; nitrogen

in coarse tankage has cost 15.06 cents per pound.

Four analyses of dissolved bone have been made. The aver-
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age retail cash price has been $30.25, and the average commer-

cial valuation as calculated by the table of trade values has been

$23.27 per ton. Dissolved Ijonc has averaged 2.00 per cent,

nitrogen, 71.16 per cent, of which has been found active by the

alkaline permanganate method.

Thirteen analyses of dry ground fish have ])e('n made, rep-

resenting 32 sampk'S. The average retail cash price per ton

has been $42.16 and the average calculated commercial valua-

tion $41.59 per ton. Xitrogen from dry ground fish has cost

on the average 22.3 cents per pound.

(1) Materials furnishing Nitrogen. — Eight samples of

dried blood have been examined, representing 6 analyses.

Blood has averaged 10.46 ])er cent, total nitrogen, about 74

per cent, of which has been found active by the alkaline per-

manganate method. The average retail cash price for blood

has been $50.74 per ton, and the average calculated commercial

valuation, $48.26 per ton. The average j^ound cost of nitrogen

from blood has been 23.13 cents.

Two samples of castor pomace have been analyzed, both of

which have been found up to the guarantee. The average retail

cash price has been $25.50, and the aA^eragc commercial valua-

tion calculated by the table of trade values has been $10.24 per

ton. The average cost of nitrogen in this form has been 26.51

cents per pound. Castor pomace has shown on the average 4.81

per cent, nitrogen, about 54 per cent, of which has been found

active by the alkaline permanganate method.

Fifty-six samples of cottonseed meal have been examined.

Each sample represents a carload, and all of the material in-

spected was bought as a nitrogen source, largely for tobacco.

The average retail cash price has been $31.45, and the average

calculated commercial valuation, $25.95 per ton. The average

pound cost of nitrogen in this form has been 24.24 cents. Cot-

tonseed meal has averaged 6.49 per cent, nitrogen, about 56 per

cent, of which has been found active by the alkaline i)ermanga-

nate method.

Thirty-nine samples of nitrate of soda have l)een examined,

representing 16 analyses: all but one sample was found fully

up to the guarantee. Nitrate of soda has cost on the average
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$50.70, and {]w average commercial valuation calculated by tlio

table of trade values has been $rjl.O;> per ton. The pound

price of nitrogen from this source has been 1G.39 cents.

Six analyses of sulfate of ammonia have been made, repre-

senting 7 samples; all have been found of good quality. The

average retail cash price per ton has been $71.13, and the cal-

culated commercial valuation, $72.28 per ton. The average cost

of a pound of nitrogen in this material has been 16.23 cents.

(2) Materials furnisliing PotasJi. — Eighteen analyses of

high-grade sulfate of potash have been made, representing 31

samples. The average retail cash price of this potash salt has

been $50.78, and the average commercial valuation calculated

from the table of trade values has been $51.47 per ton. The

pound of actual potash in this form has cost on the average

5.18 cents.

Eive analA'ses of potash-magnesia sulfate have been made,

representing 9 samples. The average retail cash price has been

$29.50, and the average commercial valuation calculated from

the table of trade values has been $28.80 per ton. The pound

of actual potash in this form has cost 5.38 cents.

An article offered as double sulfate of magnesia and potash

was not hona fide, but evidently high-grade sulfate of potash

and sulfate of magnesia reduced with sand. It contained 21.6

per cent, material insoluble in hot water, the greater part of

which was unquestionably sand. The case is probably similar

to several which were detected last year, and which proved to

be cases where the mines in Germany had reduced high-grade

sulfate of potash with sand in order to fill orders for potash-

magnesia sulfate, of which there was a temporary shortage.

Dr. Huston, of the German Kali Works, states that the practice

is not tolerated by his company, and heavy shipments have been

returned at the expense of the mines furnishing the material,

and in all cases where this practice has been detected heavy fines

have also been imposed. The amount of material involved in

this particular case was not large, only ll/> tons being bought

by one party for his own use.

Fifteen analyses of muriate of potash have been made, repre-

senting 31 samples. The potash guarantee was maintained in
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all hut one case, and in this exception the commercial shortage

was less than 50 cents ])('r ton. The average retail cash price

has been $42.58, and the calcnlated commercial valuation,

$43.83 per ton. The pound of actual potash as muriate has cost

on tlu! average 4.13 cents.

(3) Materials furnisliing Phosplioric Acid. — Onlv two sam-

ples of dissolved bone black have been analyzed, on(> of which

showed a commercial shortage of over 50 cents per ton.

Fourteen analyses of acid i)hosphatc have l)oen made, repre-

senting 25 samples. The average retail cash price has been

$15.35, and the average commercial valuation calculated from

the tal)le of trade values has been $13.G7 per ton. The pound

of available phosphoric acid from acid phosphate has cost 4.77

cents.

Seventeen analyses of basic slag phosphate have been made,

representing 23 samples. Tour analyses showed samples de-

ficient in available phosphoric acid. The average retail cash

price paid for basic slag was $15.19, and the average calcnlated

commercial valuation, $12.64 per ton. The pound of available

phosphoric acid from basic slag, as determined by the Wagner

method, has cost on the average 4.81 cents. Two brands showed

a commercial shortage of over 50 cents per ton.

(/) Mixed Complete Fertilizers.

The larger number of high-grade fertilizers that are being

sold from year to year in Massachusetts indicates that the aver-

age farmer realizes the importance of purchasing a high-grade

mixture. As has been pointed out in past years, there are many
advantages to be gained by choosing a formula from among the

high-grade goods. Summary tables have been prepared which

furnish valuable data bearing upon this point.

(1) Grades of Fertilizer. — In separating the formulas into

different grades, those brands containing plant food having a

commercial value of $24 or over per ton have been classed as

high grnd(\ those having a value between $18 and $24 per ton

medium grade, and those having a value of $18 or less per ton

low irrade.
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Table showing Average Cash Price and Commercial Plant Food Value per

Ton, also Money Difference between Cash Price and Plant Food Value.

Average retail cash price a ton,

Average retail cost of plant food
in a ton.

Average money difference,

Hicii Grade.

1911.

S40.S7

2S.S9

11.93

1912.

S38.23

27.84

11.16

Mkdicm Grade.

1911.

S35.0S

21.01

14.04

1912.

$33.20

20.74

12.52

Low Grade.

1911.

$29.64

15.37

14.27

1912.

$29.76

14.58

15.16

The above table shows :
—

1. That the average ton price of the three grades of fertilizer

has been $1.42 less, and the average cost of phmt food in a ton

60 cents k'ss, than for the previons season.

2. That the low-grade goods were the only class which sold

on the average at a slightly higher ton cost than during the

previous year.

3. That the percentage excess of the selling price over the

commercial value of plant food in the low-grade fertilizers is

over two and one-half times more than in the high-grade goods,

and about one and three-fourths times more than in the me-

dium-grade fertilizers.

4. That with a 28.5 per cent, advance in price over the low-

grade fertilizer, the high-grade furnishes about 91 per cent,

increase in commercial plant food value.

5. That the money difference between the average selling

price and the average valuation in the high-grade fertilizers is

$4 less than in the low-grade goods. It probably costs no more

to manufacture a ton of low-grade goods than it does a ton of

the high-grade ; besides, in the low-grade fertilizer opportuni-

ties are offered for the use of low-grade ammoniates and low-

grade potash compounds. These facts all emphasize the many
advantages to be gained by buying only high-grade mixtures.
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Table showing the Average Comfosilion of the Three Grades of Fertilizer.
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Table showing the Comparative Pound Cost of Nitrogen, Potash and Phos-

phoric Acid in its Various Forms in the Three Grades of Fertilizer.

FoiiM OF Element.
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(2) Summary of Results of Amdyscs of the Complete Fer-

tilizers as compared lulth the Manufacturer's Guarantee.

Manufactuueh.

- O C5

:3 =

;h o

— o

3 a

0)2^

j3 a)

;ao
C a; 3

O U C3

-ass
-2 3

W. II. Abbott
Alpliauo Humus Company, ....
American Agricultural Chemical Company, .

Armour Fertilizer Works, ....
Beach S(jap Company, .....
Berkshire Fertilizer Company,
Bowker Fertilizer Company, ....
Jos. Breck & S<jns, ......
Buffalo Fertilizer Company,
The E. D. Chittenden Company, .

Clay & Son, .......
Coe-Mortimer Cornpany, ....
Eastern Chemical Company,
Essex Fertilizer Company, ....
C. VV. Hastings
Hubbard Fertilizer Company,
Listers' .Agricultural Chemical Works, .

J. K. McGovern, ......
Mapes' F'ormula and Peruvian Guano Company
National Fertilizer Company,
Natural Guano Company, ....
New England Fertilizer Company,
Olds & Whipple
Parmenter & Polsey Fertilizer Company, .

R. T. Prentiss,
Pulverized Manure Company,
Rogers Manufacturing Company, .

Rogers & Hubbard Company,
Ross Bros. Company, .....
Sanderson Fertilizer and Chemical Companj-,
M. L. Shoemaker & Co., Ltd
Swift's Lowell Fertilizer Company,
20th Century Specialty Company,
Wm. Thomson & Sons, . .

Whitman & Pratt Rendering Company,
Wilcox Fertilizer Company, ....
A. H. Wood & Co

1

33

6

4
12
19
1

4
1

10

2

1

1

6

1

14

6

1

6

6

C

2

1

7

8
2

5

2

12
2

1

5

9

2

3

1

66
10

6
15

23
3

7

5

1

16

1

6

1

5

9

1

IS

11

1

7

7

8
2

1

10

9
3

This table shows :
—

1. That out of a total of 330 brands of complete fertilizers

collected and analyzed, 124 (38 per cent, of the total iniinber)

fell below the nianufactnrer's guarantee in one or more ele-

ments.

2. That 104 brands were deficient in one element.

3. That IS brands were deficient in two elements.

4. That 2 brands were deficient in all three elements.

f). That 26 brands (abont S ]ier cent, of the whole number

analyzed) showed a commercial shortage; that is, the value of

the ])lant food fonnd did not e(]nal the value of the plant food
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giiarantcccl, although ovcrnius were used to oiTsct sliortagca.

The deficiencies found were divided as follows: —
73 hiaiids wero found doHcicnt in nitrogen.

31 l)rands were found delicient in available ])hosi)lione acid.

42 brands were found delicient in jiotasli.

G. That, compared with the jn-evious year, a much better

showing- has been made. Fewer deficiencies have occurred, also

a less number of commercial shortages. The number of nitro-

gen, available phosphoric acid and potash shortages were, re-

spectively, 23 less, 59 less and 24 less than for the season of

1011. The brands showing a commercial shortage were 2 less

than for the previous year.

Table showing Commercial Shortages {25 Cents and Over) in Mixed Com-

mercial Fertilizers for 1911 and 1912.
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past year, ami in iiKist iiistaiices tlic form of potasli was as

guaranteed. Tlie misleading practice of stating the sulfate of

l)otash equivalent when the potash is actually present in form

of muriate is still prevalent to some extent. Every formula has,

therefore, been tested to show the form of potash actually

present.

(g) Ground Eoch, Mineral Fertilizer or Stonemeal.

The indications are that not much of this class of materials

has been sold in the Massachusetts markets. The inspectors

were not able to find it in the hands of agents, and it was prob-

ably sold by the manufacturer through soliciting agents direct

to the farmer.

A sample of Xcw Mineral Fertilizer, manufactured by the

'New Mineral Fertilizer Company of lioston, was taken by one

of our inspectors from stock carried by the manufacturer. The

analysis of this showed the presence of .09 per cent, nitrogen,

.38 per cent, total phosphoric acid and .10 per cent water-soluble

])otash. The calculated commercial value of the material was

57 cents per ton. Extravagant claims are made by the com-

pany for the fertilizing value of the silica, chlorine, sulfur,

soda, lime, magnesia, iron and alumina which the material,

like all rocks and soils, contains. The ordinary soil usually con-

tains an abundance of these elements with the possible excep-

tion of lime. Assuming the ton price to be the same as last

year, $17, a pound of nitrogen would have cost $5.G7, a pound

of insoluble phosphoric acid 60 cents, and a pound of water-

soluble potash $1.27.

Dr. Charles D. Woods, director of the ]\raine Agricultural

Experiment Station, has conductxMl field experiments with this

material.^ The results of the experiment were stated as follows

by Director Woods :
—

"It will be noted that both with the corn and with the potatoes, there

was a somewhat smaller yield on the plots to which New Mineral Fer-

tilizer was applied than upon the plots Avhich received no fertilizer.

The comparative yields seem clearly to point out that there was no

benefit from the use of the New Mineral Fertilizer."

• Seo description of the experiment in tlie American Fertilizer, Philadelphia, Pa., Vol. XXX\'II.,

No. 9, pp. 28-29.
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Tlio J\fnssnclnisetts station intends to conduct some experi-

ments with this fertilizer the coming season.

Two samples of Stonemeal, manufactured by the Stoncmeal

Fertilizer Company of Paterson, ]^. J., who have an office in

Sprinii'field, INfass., were collected and analyzed. Although this

material contains a little more potash and phosphoric acid than

did the Xew Mineral Fertilizer, yet it must be placed in the

same class.

(h) Lime Compounds.

Our new fertilizer law was drafted to include the inspection

of lime used for agricultural purposes. The year 1912 marks

the first official inspection of lime which has ever been made in

the State.i

Forty-four samples representing 21 brands were taken from

36 different agents in 24 different towns; 25 analyses have been

made.

Lime for agricultural purposes includes slaked or hydrated

lime, caustic or burnt lime, carbonate of lime, such as ground

limestone, marl and wood ashes ; also gypsum or land plaster

(sulfate of lime). Detailed results of the analyses will be found

in our Fertilizer Bulletin, including the actual cost of 100

pounds of calcium and magnesium oxides derived from different

sources.

(/) Free Analysis of By-products, Fertilizers and Soils.

Two hundred and sixty-three different substances haA^e been

received and analyzed from farmers, farmer organizations and

the various departments of the experiment station. The mate-

rials may be classed as follows : fertilizers and by-products used

as fertilizers, 200 ; soils, 40 ; lime compounds, 13 ; ash analysis

of plants, 8 ; miscellaneous products, 2.

]\rany of these materials have been sampled by our regular

inspectors ; some were taken by the party requesting the analy-

sis by means of a sampling tube forwarded from the station

for that purpose. In all cases the samples we-re drawn accord-

ing to directions furnished from this office. It may be assumed,

therefore, that the samples were representative of the products

• For a discussion of the rational use of lime, ask for Bulletin No. 137.
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in qnestion. In reporting results of analysis, full information

is given as to commercial value of the product and the best

manner of using it. In many cases where a by-product does not

haA'O the plant food constituents present in the right proportion,

suggestions are made as to the best manner of balancing the ma-

terial by the addition of chemicals. In reporting anal^^ses of

lime products it has been the custom to furnish not only the

chemical analysis but also the probable proportion of the vari-

ous forms of lime and magnesia present ; i.e., whether caustic,

hydra ted (slaked) or carbonate of lime and magnesia were

present, and amounts of each.

In reporting soil analysis, information has been furnished as

to treatment with lime, manures and fertilizers.

With the exception of some of the lime products, chemicals

and complete fertilizer formulas which have been collected by

our inspectors, and which appear in a table by themselves in

the Fertilizer Bulletin, the analyses above mentioned will not

be published.

3. ItErOKT OF THE FeED AND DaIRY SeCTIOX.

Mr. P. II. Smith submits the following :
—

The Feed Law {Acts and Besolves for 1003, Chapter 122).

During the year, 002 samples of commercial feeding stuifs

have been collected by James T. Howard, official inspector.

These samples have been examined, and the analytical results

together with additional information are given in Bulletin No.

142.

The year has been uneventful in that the law has been well

complied with, and few new feeding stuffs have been found.

Prices have ruled high, and our inspector reports that the stock

on hand has been, during parts of the year, very low. This

was due to the difficulty of getting shipments promptly and to

the fact that, owing to the uncertainty of the market, dealers

did not care to stock heavily.

The most important event of the year was the enactment of

a new feeding stuffs law which took effect Sej)t. 1, 1912. This
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law is printed in full in Bulletin 'No. 142 of this station and

also as Circnlar No. 3-1.

The new law differs from the law which it replaces in the

following essentials: —
1. Guarantee. — In addition to a guarantee of the minimum

percentage of protein and fat, as formerly required, a guarantee

of the maximum fiber content must also be given. In case of

mixed or compounded feeds, a statement of the ingredients con-

tained therein must be inchuled in the guarantee.

2. Registration. — Registration of all feeding stuffs is now

necessary, although no fee is required. Uj)on application, the

proper forms for registration will be forwarded.

3. Ajjpropriation. — In place of the $3,000 formerly allowed

for carrying out the provisions of the act, $G,000 is now appro-

priated.

4. Phraseology. — The law has been put in such form as to

be more explicit in the statement of its requirements. Before

being submitted for enactment, the text was carefully reviewed

not only by officials of this station, but by those of other experi-

ment stations, and also by a committee of feed dealers from the

Boston Chamber of Commerce. It was finally submitted to a

competent attorney for corrections and a])proval.

5. WJieat feeds are now included; in the former law these

were omitted.

The law practically conforms to the uniform law advocated

by the Association of Feed Control Officials, which has received

the indorsement of the American Feed Manufacturers' Associa-

tion.

It is felt that the new law will more effectually safeguard the

interests of the Massachusetts farmer than the former act, and

that the com])liance with its requirements will not be any more

difficult for the honest manufacturer or jobber. The earnest

co-operation of all interested in the manufacture, sale or con-

sumption of comm.ercial feeding stuffs is most earnestly desired.

The acknowledgment is made of the co-operation of members

of the Boston Chamber of Commerce, of the secretary of the

State Board of Agriculture, of a representative of the State

Grange, and of others in securing the passage of the law.
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The Dairy Laio {Ads and Resolvps for 1012, Chapter 218).

This act as originally passed in lt)01 required that all persons

using the Babcock test as a basis of payment for milk or cream,

either in buying or selling, must secure a certificate of pro-

ficiency from the experiment station. It also required that

Babcock machines be inspected by an experiment station official

annnally, and that all glassware be tested for accuracy by the

station. The act was amended in 1009 (chapter 425, Acts and

Kesolves for 1900), giving to the director of the experiment

station the authority to revoke the certificate of an operator

found to be using dirty or untested glassware or doing the work

in an impro})er manner.

A redraft of the entire law made to include milk inspectors

was presented to and passed by the Legislature of 1912, the full

text of which follows :
—

An Act to regulate the Use op Utensils for testing the Com-

position OR Value of Milk and Cream.*

Be it enacted, etc., as follows:

Section 1. No bottle, pipette, or other measuring glass or utensil

shall be used in this eoinnionwealtli by any inspector of milk or cream,

or by any person in any milk inspection laboratory, in determining, by

the Babcock or other centrifugal machine, the composition of milk or

cream for the purposes of inspection ; or by any person in any milk

depot, creamery, cheese factory, condensed milk factory or other place

in determining, by the Babcock or other centrifugal machine, the com-

position or value of milk or cream as a basis for payment in buying or

selling, until it has been tested for accuracy and verified by the direc-

tor of the Massachusetts agricultural experiment station, or by his duly

designated deputy or deputies. Every such bottle, pipette, or other

measuring glass or utensil shall be submitted to the said director by

the owner or user thereof, to be tested for accuracy before the same is

used in this commonwealth for the purposes aforesaid. The owner or

user shall pay to the said director for the use of the said station as a fee

for making the test, a sum not exceeding five cents for each bottle,

pipette, or other measuring glass or utensil tested. Any bottle, pipette,

or other measuring glass or utensil that has Ijeen tested and verified as

aforesaid shall be marked by the director or by his said deputy or depu-

ties to indicate the fact, or if tested and found to be inaccurate may be

marked by him or them to indicate that it is inaccurate. No bottle,

> Chapter 218, Acta and Resolves of 1912.
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pipette, or other measuring ghiss or utensil that has been marked by the

said director, or by his duly desiunated deputy or deputies, to indicate

that it is inaccurate shall be used in this commonwealth by any person

in determining the composition or value of milk or cream.

Section 2. Every Babeock or other centrifugal machine used in this

commonwealth by any inspector of milk or cream, or by any jierson in

any milk insiiection laboratory for determining the composition of milk

or cream for purposes of inspection, or by any pei'son in any milk depot,

creamery, cheese factory, condensed milk factory or other place for

determining the composition or value of milk or cream as a basis for

payment in buying or selling, shall be subject to inspection at least once

in each j'ear by the director of the Massachusetts agricultural experi-

ment station or by an insjiector or deputy of the said director. The

owner or user of any such centrifugal machine shall pay to the said

director for the use of said station as a fee for making such annual

inspection the actual cost of such inspection for each machine inspected.

Any Babeock or other centrifugal machine used as aforesaid that is

not, in the opinion of the director, or of an inspector or deputy of the

said director, in condition to give accurate results, may be condemned

bj' the dii'ector or by his inspector or deputj^ No Babeock or other

centrifugal machine that has been condemned by said director or by an

inspector or deputy of the director as not in condition to give accurate

results shall be used in this commonwealth by any person for deter-

mining the composition or value of milk or cream as aforesaid, unless

the machine be changed to the satisfaction of the said director or of his

inspector or deputy, and aj^proved by him.

Section 3. No inspector of milk or cream, and no person in any milk

inspection laboratory, shall manipulate the Babeock or other centrifugal

.machine for the purpose of determining the composition of milk or

cream for purposes of inspection, and no person in any milk depot,

creamery, cheese factory, condensed milk factory, or other place in this

commouAvealth shall manipulate the Babeock or other centrifugal ma-

chine for the purpose of detennining the composition or value of milk

or cream as a basis for payment in buying or selling, without first ob-

taining a certificate from the director of the Massachusetts agricultural

experiment station, or his duly designated deputy, that he is competent

to perform such w'ork. The fee for such certificate shall be two dollars,

and shall be paid by the applicant therefor to the said director for the

use of the said station. In case any holder of a certificate is notified by

the director, or by his duly designated deputy, to correct his use of a

Babeock or other centrifugal machine, the actual cost of making an in-

spection to ascertain if the said pei'son has corrected his use of the said

machine shall be paid by the said person or by his employer to the

director for the use of the said station. No holder of a certificate whose

authority to manipulate a Babeock or other centrifugal machine has been

revoked by the director of the Massachusetts agricultural experiment
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station, or by liis duly dosijiiiated deputy, sliall tlioroaftor manipulate

in this coimuonweal til any centrifugal machine for the purposes afore-

said.

Sectiox 4. The director of the Massachusetts agTicultural experi-

ment station and his duly designated deputy are hereby authorized to

issue certificates of competency to such persons desiring to manipulate

the Babcock or other centrifugal machine as, in the opinion of the

director or bis depiitj', are competent to manipulate said machines. Tlie

said director or his deputy may make and enforce rules governing appli-

cations for such certificates and the granting thereof and may, in his

discretion, revoke the authority of any holder of a certificate who, in

the opinion of the director or of his deputy, or of an insj^eetor of the

said director, is not correctly manii^nlating any centrifugal machine

as aforesaid, or is using dirty or othci'wise iinsatisfactory glassware or

utensils.

Section 5. It shall be the duty of the director of the Massachusetts

agi'icultural experiment station, and he is hereby authorized, to test or

cause to be tested all bottles, pipettes and otlier measuring glasses or

utensils submitted to him as provided in section one, to inspect or cause

to be inspected at least once eacli year everj- Babcock or otlier centrif-

ugal machine used in this commonwealth by an inspector of milk or

cream, or by any person in anj^ milk inspection laboratory, for purposes

of inspection, or by any person in any milk depot, creamery, cheese

factory, condensed milk factory, or other place for determining the

composition or value of milk or cream as a basis for payment in buying

or selling, and to collect or cause to be collected for the use of said

station the fees or actual cost of tests and insiDections pi'ovided for in

this act. The said diiector, his inspectors and deputies are further

authorized to enter upon any itemises in this commonwealth where any

centrifugal machine is used as aforesaid to inspect the same and to as-

certain if the provisions of this act are complied with.

Section C. Any person hindering or obstructing the director of the

Massacliusetts agricultural exjieriment station, or any inspector or dep-

uty of the said director, in the discharge of the authority or duty im-

posed upon him or them by any provision of this act, and any pei-son

violating any of the provisions of sections one, two and three of this act

shall be punished by a fine of not less than fifteen and not more than

fifty dollars for each offense.

Section 7. It shall be the duty of the director of the Massachusetts

a^gi'icultural experiment station to see that the provisions of this act are

complied with., and he may in his discretion prosecute or cause to .be

prosecuted any person violating any provision of this act. - But this act

shall not be construed to affect any persons using any centrifugal or

other machine or test in determining the composition or value of milk or

cream when such detorminaiinn is made for the information of such

persons only, and not for purjioses of insi>ection, or as a basis for pay-

ment in buying or selling.
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Section 8. A sum not cxceedinu' five luiiulrod ddllnrs ycnrly sliall he

allowed and jiaid out of the treasury of the commouwoalth to meet the

cost of prosecutions under this act, to be paid upon the presentation to

the treasurer of the commonwealth by the director of the Massachusetts

agricultural experiment station of proper vouchers therefor.

Section 9. The word " i)erson " as used in this act sliall include a

corporation, association or partnership or two or more persons having

a joint or common interest.

Section 10. Sections sixty-five to sixty-nine, inclusive, of chapter

fifty-six of the Revised Laws, and chapter four hundred and twenty-five

of the acts of the year nineteen hundi'ed and nine are hereby repealed.

Section 11. This act shall take effect on the first day of July in the

year nineteen hundred and twelve. [Approved March 9, 1912.

Summary of Inspection.

1. Examination for Certificates. — Applicants are examined

in both theory and practice of the Babcock test. Of those who

have applied dnring the year, 28 candidates were given certifi-

cates, while 5 have been refused.

2. Examination of Glassware. — Six thousand and fifty-six

pieces of Babcock glassware haA-e been tested, of which only 27

pieces were condemned as inaccnrate. The amount of nntested

glassware at present is very small as compared Avith that fonnd

formerly, and confirms the usefulness of the law.

Following is a summary for the twelve years the law has been

in force :

—

Year.
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cock machines and apparatus in 80 creameries, milk depots and

milk inspectors' laboratories. Nine operators were fonnd using

untested glassware, and 15 operators were ordered to repair or

replace machines in use. As the law in its application to milk

inspectors is new, no prosecutions are being considered at this

time; it is believed that all will eventually conform to the law.

Following is a list of milk depots, creameries and milk inspec-

tors visited. Only those milk inspectors using the Babcock test

are listed.

1. Creameries.

Location.
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Location.
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]yater Analysis.

There is no one feature' of the home of greater importance

than a pure and unfailini;' water supply. In order that families

living where a i)ublic su])i)ly is not available may have the op-

l)ortunity of determining the i)urity of the water from the well

or spring they are obliged to nse, the experiment station will

make a chemical examination of the water at a nominal charge

($3 a sample). Water for examination must be shipped in con-

tainers, wdiieh will be sent to the applicant on request, and the

blank forms sent with the coiitainer must be filled out and re-

turned with the samide. A bacteriological examination is not

made, and the chemical analysis is limited to those determina-

tions which will indicate sewage contamination or the presence

of lead or ol)jectionable metals.

One hundred and ten samples w^ere examined during the past

year; of these there were 77 samples from wells, 28 from

springs, 4 from ponds and 1 sample of ice. A large number of

well w\aters examined w^ere condemned. Some showed only

slight contamination while others were pronounced dangerous

for use.

Wells located close to dwellings and stables are particularly

liable to contamination ; hence great care should be exercised

in the location of new wells. Where a well is known to he free

from contamination it should be bricked or cemented up well

above the surface of the ground in order to prevent the entrance

of surface water during wet weather, and the top of the well

should be made vermin proof.

Milk, Cream and Feeds for Free Examination.

In addition to the other w^ork of this department, free analy-

ses have been made of 372 samples of milk and 1-iG samples of

feedstufFs. A large number of butter-fat tests on cream by the

Babcock method have also been made.

As a general rule, it is preferred to have ap])lication made

before a sample is submitted for analysis. Directions for

proper sam]ding and for shi])ping can then be forwarded. An
analysis of an im])roperly drawn sample may lead to erroneous

conclusions. In the case of feeding stuffs an analysis is often
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iiimceessarj, as the cxpcriiuont station has a hirgo amount of

analytical data mi iilo which may apply to the sample sub-

mitted. This department will not act in the capacity of a com-

mercial chemist, and will nse its own discretion in accepting

work of this character.

MisceUaneous ^Y orl-.

In addition to the worlc already described, this section has

conducted investigations, co-operated with other departments,

or made analyses as follows :
—

1. It has arranged and furnished exhibits and speakers in

co-operation with the extension department for fairs, farmers'

meetings and expositions.

2. It has co-operated, with the Bowker Fertilizer Company

in making starch determinations on potatoes in connection w^ith

the awarding of prizes.

3. It has co-operated with the agricultural department of the

college in making analyses of milk in connection with the

awarding of prizes at a dairy show held during " farmers'

week."

4. In connection with the experimental work of this and

other departments of the experiment station, this section has

made analyses of 160 samples of milk, 129 samples of feed and

478 samples of agricultural plants.

Testing Pure-hred Coivs.

The work of testing pure-bred cows for entry in the ad-

vanced register of the several pure-bred cattle associations con-

tinues to increase. During the year, thirteen diiferent men
have been used for the IIolstein-Friesian work, and for a greater

part of the time three men have been employed in the yearly

tests for the Guernsey, Jersey and Ayrshire associations. From
Dec. 1, 1910, to Dee. 1, 1911, 09 Guernsey, 94 Jersey and 4

Ayrshire tests have been completed. There are now on test 82

Gnernscys, 100 Jerseys and 16 Ayrshires, located at 22 differ-

ent farms. For the IIolstein-Friesian Association there have

been completed 124 seven-day tests, 7 thirty-day tests, 2 four-

teen-day tests and 1 iifty-seven-day test.
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The Jersey, Guernsey and Ayrsliirc clubs are formulating

uniform rules for testing, and will probably, in the near future,

ado])t a one-day monthly test instead of the two-day test now

in use.

4. NuMEKiCAL Summary of Si'bstaxces examined ix the

Chemical Laboratory.

The following substances have been received and examined

:

110 samples of water, 372 of milk, 2,018 of cream, 140 feed-

stuffs, 200 fertilizers and fertilizer refuse materials, 40 soils,

13 lime products, 8 ash analyses of plants and 2 miscellaneous.

There have also been examined in connection with experiments

in progress by the several departments of the station, 100 sam-

ples of milk and cream, 129 cattle feeds and 478 agricultural

plants. In connection with the control work there have been

collected 1,180 sam])les of fertilizer and 902 sami)les of feed-

stuffs. The total for the year was 0,359.

The above does not include the work of the research section.

In addition, 28 candidates have passed the examination and se-

cured certificates to operate the Babcock test, and 0,050 pieces

of Babcock glassware have been tested for accuracy, of which

only 27 pieces, or .45 of 1 per cent., were condemned as in-

accurate.

5. Correspondence.

The number of letters sent during the year approximates

0,500, the data being based upon the number of stamped enve-

lopes used. In addition a large number of circular letters have

been mailed as an adjunct to our inspection work. The larger

part of the correspondence is devoted to work in connection with

the inspection of fertilizers, cattle feeds, dairy apparatus and

the testing of pure-bred cows. A considerable amount of time,

however, is still given to answering si)0('ial inquiries nuide

by farmers and others relative to ]dant and animal f(>eding, and

the composition and value of fertilizers, cattle feeds and milk.
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THE FOOD VALUE OF PLAIN AND MOLASSES
BEET PULP.

J. B. LINDSEY.

A few years ago ^ the writer published a brief review of the

value of beet residues for farm stock. Since this publication

two experiments have been made at this station comparing both

the plain and molasses pnlp (dried) with corn meal for milk

production.

Beet pulp is the residue from the manufacture of sugar from

sugar beets. After the beets are shredded and the sugar re-

moved with water by the diffusion process, the residue is run

through presses to reduce the water content and then put into

kilns and thoroughly dried. The dried plain pulp is coarse and

of a gray color. Molasses beet pulp is the pressed plain

pulp mixed with the residuum beet molasses and dried. An-

other method of making the molasses pulp is to mix a definite

amount of molasses with the dried pulp. It is understood that

but little molasses pulp is now being made.

COMPOSITIOX OF THE BeET PuLP.

Plain
Pulp.

Molasses
Pulp.

Corn Meal 2 for

Comparison.

Water, .

Ash,
Protein,
Fiber, .

Extract matter.
Fat,

Totals. .

9.08
3.02
8.90
18.76
00.59

.65

8.48
6.93
11.16
10.16
62.76

.51

14.99
.86

7.88
.81

09 76
5.70

100.00 100.00 100.00

15.60
.85

7.82
.80

69.27
5.0G

100.00

It will 1)0 noted that the plain pulp contained about j)er

cent, of water, a relatively large amount of fiber, and practi-

cally no fat. The molasses pulp contained considerably more

' Twenty-second report of this station, Part II., pp. 21-27.

' Samples used in experiment.
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ash, duo to tho large amount of mineral matter in the molasses.

The liber content waa considerably less than that of th(^ plain

pulp, due to the replacing of the pulj) by the molasses which

was willioiit iibcr. The amount of niulasses added to the pul{)

ai)])ears to vary more or less in dilferent samples.

Both the })lain and the molasses i)ulp are carbohydrate feeds

similar to corn meal, being relatively low in protein and high

in carbohydrates. The extract matter of the molasses pulp

contains considerable sugar, while in the plain pulp there is

much less sugar and more of the hemicellulose. The carbo-

hydrates of the corn meal consist largely of starch, while those

of the plain beet l)ulp are made up of a high percentage (jf liber

together with the hemicellulose and some sugar.

Coefficients of Digestibility of Beet Pulp.

Three single trials were made with each sample of the beet

pul}) with the following average results:-

—
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It will ho seen from the cocflicicnts that while the dry luattcr

in the molasses pulp has a hijiher digcstihility than that in the

plain i)nlp, and while the dry matter in tlie corn meal shows an

increased dig'cstihility over either of the pulps, the digestibility

of the total organic nutrients in one ton of the several feeds

does not vary widely. This is explained on the; ground that the

molasses pulp contains noticeably more ash than the plain i)ulp,

and that the corn meal has some G per cent, more water than

the dried pulps. On the basis of digestible organic nutrients

in one ton, it would appear that the corn meal was substantially

5 per cent, more valuable than the average of the two pulps.

Calculations made on the basis of net energy value show the

corn meal to furnish 20 per cent, more energy than the dried

pulp. This is due to the increased energy assumed to be re-

quired to digest the fiber contained in the pulp. It is doubtful,

however, if the soft beet fiber causes as much energy loss as do

the harder fibers of the hays and straw. One may conclude

that in practical feeding trials comparatively little difference

would be noted, pound for pound, between the two feeds, espe-

cially if the amounts of each feed fed did not exceed 5 pounds

dailv to each aninnd.

Fkeot^'c; Expertment.s witk Cows.

1. Plain. Pulp V. Corn Meal.

Six cows were fed by the reversal method in periods lasting

five weeks.

History of Coivs.

Cows.
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Duration of Experiment.
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Average Daily Ration consumed by Each Cow (Pounds).

Character of Ration.
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of the dried beet pulj) ration. The nutrients in the two rations

fed agree quite ch)sely with the IJaecker standard. The

Ilaecker standard as modified recently by Sayage calls for b(jth

more protein and nmie total nutrients. It would probably haye

been adyisable in case of our experiment to haye reduced the

basal ration of hay, bran and cottonseed meal a little in order

to haye secured a more pronounced effect— if aii}^— of the

corn meal and plain beet pulp. On the basis of digestible nu-

trients actually con.sumcd, one would not expect much diflor-

ence in the milk yi(dd.

Herd Gain or Loss in Live Weight (Pounds).

Corn meal ration,.......... 33

—

Beet pulp ration, .......... 37-)-

A slight difference in fayor of the pulp was noted.

Yield of Milk and Milk Ingredients (Poxmds).

Cam Meal.

Cows.
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Tlic above results show no striking variations in the yiehls.

The beet pnlji ration produced substantially 2 per cent, more

milk and milk solids than did the corn meal ration. This is

within the limit of error. It may have been due partly to the

superior mechanical etfect of the pnlp, although this is pure

assumption.

Average Com'position of the Herd Milk.

Character of Ration.
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2. Molasses Beet Pulp v. Corn Meal.

This trial followed directly after the one with plain beet

pnl}) already described. The same cows were used.

Duration of Experimcjit.
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The cows eonsiimcd slightly less hay during the molasses beet

])ulp lialf of the trial. It will be noted tiiat hay, bran and cot-

tonseed meal constituted the basal ration, and that -1.33 pounds

of corn meal were compared with a like amount of beet pulp.

Dry Mailer and Digeslible Organic Nutrients in Average Daily Rations

(Pounds)
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A slight gain occurred on both rations, indicating that the

animals were advancing in lactation and not devoting as much
of their food to milk as in the former experiment.

Yield of Milk and Milk Ingredietits (Pounds).

Corn Meal.

Cows.
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The milk prochieod with the pulp ration appears to be slightly

lower in fat than that j)ro(luced by the corn meal ration. The

diflFerenoe is not marked and much emphasis cannot be placed

upon it.

Food Cost of Milk and Butter.
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The Place of Dried Beet Iiesidues in the Farm Economy.

Farmers who are in a position to prodncc tlielr own feed

cannot afford, as a rnle, to purchase starchy feedstnffs; they

should be produced upon the farm, in the form of corn, oats

and barley. For' milk ]iroduction it is much more desiral)le to

purchase materials rich in protein, such as cottonseed and lin-

seed meals, dried distillers' and brewers' grains, gluten feed,

malt sprouts, fine middlings and even bran. These feedstuffs

are not only very helpful in milk production, but likeM'^ise sup-

ply large amounts of nitrogen in the resulting manure. When
the supply of home-grown corn is exhausted or limited, beet

residues may be substituted for fattening stock and as one-third

of the grain ration for dairy purposes. Milk producers who

purchase all of their grain Avill find the dried pulp a satisfactory

component (one-third to one-half) of the daily ration. It can

also be fed, in amounts of from 8 to 10 pounds of dried pulp

daily, as a partial substitute for roughage. It should be mixed

with two to three times its weight of water.
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THE VALUE OF OATS FOR MILK PRODUC-
TION.

J. B. LINDSEY.

Oats are held in high esteem as a food for all classes of farm

animals, and particularly for horses. They are also regarded

as a valuable food for milk production, although their relative

cost, especially in the east, has prevented their use for this pur-

pose. For example, the average wholesale price for a ton of oats

in 1910 was $29.51, and for the first eight months of 1911 it

was $26.99, as against $2G.39 and $23.88 for corn meal.

The fact that oats are so highly regarded for the production

of milk led the station to conduct three demonstration experi-

meuts with dairy cows, comparing ground oats with a like

amount of corn meal.

The Composition of Oats (Pee Cent.),
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protein and fat. Oats that are imperfectly developed arc likely

to have relatively more protein and less starchy matter than

those that have been well formed. The percentage of hnlls

varies between 20 and 35, with a prol)al)Ie average of 2G. It

was held formerly that oats contained an alkaloid avenin which

acconnted for their pecnliar effect in imparting spirit to horses,

but more recent investigations have failed to identify this

product. E. Schulze identified an alkaloid Trigonellnm in the

oat, but the amount found was so small as to be without in-

fluence as a stimulant.

The corn meal fed in the present exprrinient was the usual

material now offered in the general markets. It evidently was

not ground corn kernels, but a sifted product resulting from the

manufacture of cracked corn. The analysis of corn meal given

for comparison represented the average of 110 samples of

ground corn kernels. It is higher in protein and fiber and lower

in fat than the sifted product.

Oats differ from corn in having noticeably more ash, rather

more protein and decidedly more fiber.

The Digestibility of Oats.

The coefficients of digestibility were not determined in the

particular sample fed. Here follow the average coefficients ob-

tained for American and German oats :
—

Dry matter,

Ash, .

Protein,

Fiber,

Extract matter.

Fat, .

American.' Foreign.

2

Corn Meal
for Com-
parison.

' Lindsey. 2 Kellner.

Applying the above coefficients to the average composition of

American and foreign oats, and to the average analysis for corn
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meal, wc have tlio following aiiioiuita of digestible matter in 100

poiuuls :
—



144 EXrEUniENT STATION. Jan.

History of the Cons, 1900-10.

Cow.s.
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General Care, Feeding and Welgliing. — The cows were kept

in roomy stalls, carded daily, and turned into the barnyard for

from four to six hours each pleasant day. The daily feed was

given in two portions, and water was kept continuously before

each animal. All the cows were in good condition at the begin-

ning of the trial.

Each animal was weighed for three consecutive days at the

beginning and end of each half of the trial. The weighing was

done in the afternoon as the cows were brought in from the yard,

previous to feeding and watering.

Sampling Feeds and Milk. — The hay was sampled at the

beginning, middle and end of each half of the trial. This was

accomplished by taking forkfuls here and there from the day's

feeding and running them through a cutter. The cut hay was

mixed, subsampled, and the final sample placed in a glass-stop-

pered bottle and brought to the laboratory at once for a dry-

matter test. An aliquot of each of the several samples of hay

was mixed and analyzed. The bran, ground oats and corn meal

were sampled by taking a like amount daily and jilacing in

glass-stoppered bottles. At the end of each half of the trial a

dry-matter determination was made, and at the end of three

trials an aliquot of each sample was mixed and analyzed. The

milk of each cow was sampled twice daily for five consecutive

days on the second and fourth week of each half of the trial,

preserved in glass-stoppered bottles with the aid of formalin

and tested for solids and fat. The method of sampling con-

sisted in mixing the freshly drawn milk with an especially con-

structed mixer, and immediately removing a definite amount

with a long-handled small dipper.

Charncier of Feeds. — Hay, fine and early cured, largely

Kentucky blue grass with more or less clover and sweet vernal

grass. Ground oats, corn meal and bran of average quality.
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Total Feeds consumed (Pounds).

Experiment I.
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cent, and tlio oats 90.78 per cent, of dry matter, so that 3.8-4

pounds of dry matter in corn meal were fed against 4.05 pounds

in oats. In case of the third experiment 3.8 pounds of dry

matter in corn were fed against 4.02 pounds of dry matter in

oats. This matter was overlooked at the timCj but shouhl have

been guarded against by feeding slightly more corn meal. The

ditt'erenee, however, while in favor of the oats was not so great

as to have caused a marked effect upon the yields of milk, and

would be more than offset by the variations in the hay con-

sumed by the several animals as indicated in the above tables.

Dry and Digestible Matter in Daily Rations (Pounds).

Experiment I.
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The corn ration had a wider nutritive ratio than the oat ra-

tion, due to the less protein and more carbohydrate material

in the corn.

Gain or Loss in Live Weight {Pounds).

Character of Ration.
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ration apparently prodnced the larger yield. This, however^

was due in a large measure to the fact that the cow j\linnie

injured a teat shortly after starting in on the oat ration, and

her milk yield fell some 5 pounds per day. The most that

can he said is that an average of the three trials shows the

two rations to have produced substantially like results. This

was at first thought hardly to be expected, for the reason that

the oats contain some 30 per cent, of hull, and, other things

being equal, are rated as having an inferior feeding value to

the corn. It is believed that the experiments were not con-

ducted in such a way as to bring out sharply the difference in

the value of the two feeds. The animals were evidently receiv-

ing an excess of nourishment, so that the mere diiference in the

nutritive value between 5 pounds of corn and oats was of no

particular moment. If the amount of hay and bran (basal

ration) fed had been noticeably less, so that the animals would

have received in addition to their maintenance requirements

perhaps three-fourths of the amount of food necessary for their

normal milk yield, the addition of the corn meal or oats would

have given a sharper indication of their respective nutritive

values.

On the basis of the method suggested by Armsby,^ allowing

.5 pound of protein and G therms of energy for maintenance,

.05 pound of protein and .3 therm of energy per pound of 4

per cent, milk, the average cow in the three experiments re-

quired and received as follows :
—

Required.

Character of Ration.
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The required nutrients were figured on the basis of average

milk testing 4 per cent., while the average milk produced hj

the cows under test was 5.71 per cent. fat. Such milk would

naturally require more nutrients for its production, but we have

no exact method at present on which to base a calculation for

milk of different degrees of richness. On the basis of the above

calculations it will be seen that both the rations fed were in ex-

cess of those required, which, as above explained, would account

for the lack of any particular difi^erence in feeding effect.

The amount of digc^stible nutrients consumed by the average

cow, and the amount re(|uired by Haecker's standard, was as

follows :
—

Nidricnts consumed (Pounds).

Character of Ration.
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Avercuje Composition of the Herd Milk— Concluded.

Experiment II.

Character of Ration.
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The amoimt of total dry and digestible matter consumed was

secured from our dry-matter determinations and analyses and

the use of average digestion coefficients. They tell substantially

the same story as did the yields of milk and milk ingredients.

In the first experiment it required rather more dry matter to

produce a definite amount of milk and milk ingredients with the

oat ration. In all of the experiments a definite amount of milk

and milk ingredients was produced by a little less digestible

matter derived from the oat ration. The average of the three

trials shows milk and milk ingredients were produced by the use

of rather less dry and digestible matter for the oat ration. The

reason for this has alreadv been indicated.

Food Cost of Milk and Butter-fat.

Experiment I.

CnAn.YCTEn of Ration.
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between the iiifliieiice of the two rations has already been ex-

phiined. In this experiment hay was figured at $10, eorn meal

at $32, oats at $37.50 and bran at $20 a ton.

CONCI.USIOIS^S.

1. Chemical analysis and digestion tests indicate that oats

have about one-fourth less actual nutritive value than corn (on

basis of equal parts of dry matter),

2. The three comparative experiments conducted Avith dairy

cows indicated that the oat ration produced practically as much

milk and butter as did the corn ration, but at 31/) per cent,

greater cost.

3. The reason why the difference in the nutritive effect of the

two grains was not more sharply brought out probably lies in

the fact that the experiments themselves were not correctly

planned. The nutritive material in the total oat ration was

sufficient to enable the cows to do good if not maximum work,

and the increased nutritive material in the corn ration was not

necessary and had, therefore, no pronounced effect. The basal

ration (i.e., without the corn or oats) should have been less in

amount and then the results obtained from the addition of corn

and oats would have been more pronounced.

4. Many experiments to compare the practical feeding values

of different feedstuff's do not return the results desired, for the

reason that they are not planned in a way to eliminate all but

the one point to be demonstrated. In fact, it is not believed that

experiments of this character can tell as true a story as investi-

gations resulting from analysis, digestibility and respiration

experiments, when the net energy values of the several feed-

stuffs can be fairly accurately ascertained. Experiments how-

ever, of the sort here described are useful in giving one a general

idea of the relative merits of different feeding stuffs, but care

should be taken to keep the basal ration considerably below the

amount of food needed, so that when the feeds to be studied are

added the total ration will still be a little below the amount

required by the animal for an average production.

5. While oats are a valuable food, it is not believed they can

usually be fed economically to dairy animals in Massachusetts.
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SOME EFFECTS OF FERTILIZERS ON THE
GROWTH AND COMPOSITION OF ASPAR-
AGUS ROOTS.

FRED W. MORSE.

A series of fertilizer experiments on asparagus was planned

in 1906 bj Director Brooks, to ascertain the efficiency of differ-

ent methods of manuring this crop. The field is located on the

farm of ]\lr. C. W. Prescott in Concord, and its soil is like that

of most asparagus fields, a sandy loam of little natural fertility.

In January, 1910, the writer was assigned the task of ascer-

taining the specific* effects of the three principal chemical fer-

tilizers used in the experiment— nitrate of soda, acid phosphate

and muriate of potash— on the chemical composition of the

crop, as such effects Avould be important factors in determining

the relative efficiency of the fertilizers.

This paper will deal with the effects of the fertilizers upon

the roots of the asparagus plants, a matter about which little

has been reported by other workers.

Ixousscaux and Brioux made a partial analysis of the roots as

a minor part of an elaborate research on the asparagus crop pub-

lished in 1906.^

Tanret has made an extended study of the properties of the

carbohydrates contained in the roots.^

Wichers and Tollens have reported very complete analyses

of roots collected before and after the cropping season.^

The material studied by the writer consisted of the entire

underground portion of the asparagus plant, except the fine,

fibrous feeding-rootlets which were removed, as it was impos-

sible to collect any reasonable proportion of them.

N^o effort was made to separate the croAvn or center of the

> Annales de la Science A!;ronomif|ue, 3d Series, I., pp. 1S9-326 (lOOf.).

a Bulletin de Soc. Chim. (4) V., pp. 8S9-893 (1909); Compt. Rend. 149, p. 48 (1909).

3 Jour, fur Landwirthschaft 58, pp. 101-112 (1910).
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plant from the fleshy roots. The phiiits were seh^eted by tlic

size of their tops, and the etlort was made to get average i)h^nts

for each type of fertilization. The plants were carefully exca-

vated, and as nearly as possible all the fleshy roots were collected.

In some instances growth had been so extensive that adjacent

roots were mnch interlaced, and it was impossible to secure one

plant without destroying all others around it. Therefore, our

largest, heaviest roots were more or less incomplete.

On the day following the collection of the specimens the roots

were shipped from Concord to the experiment station, where

they w^ere placed in a cool cellar. The process of washing free

from soil, weighing when free from surface moisture, drying

and grinding, was very laborious and required several weeks,

owing to the weight and bulk of the material. There is always

danger of respiratory changes during the period of preparation,

between collecting and drying; but it is believed that they were

reduced to a miniminn by keeping the roots in a cool place at

about 10° C. Washing was performed wdthin a few days after

digging, and the weights of the fresh ro(.>ts were obtained before

there could have been any respiratory losses.

The material was prepared for drying by passing the crown

and roots through a hand-lever fodder-cutter by which they were

cut into pieces about 2 centimeters in length. Drying was done

in a large oven at a temperature between 50° and G0° C, and

the material was dried until sufiiciently brittle to be easily

ground. The weight of the specimen was taken at this stage,

and then the entire lot was coarsely ground in a drug-mill, after

which it was sampled by quartering and the sample reduced to

a powder which would pass though a 1 millimeter mesh sieve.

Moisture determinations were then made in the powdered sam-

ples, from which were calculated the weights of absolutely dry

matter contained in the specimen roots.

Three different series of samples have been studied during

this investigation.

The first series consisted of 44 roots, or 4 specimens from

each of 11 plots, used for testing different quantities and dif-

ferent seasons of application of nitrate of soda. They were

collected in November, 1908, two years after the field had

been set with plants, by Mr. E. F. Gaskill of the agricultural
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doi)artnioiit of the cxperimont station, and were prepared for

analysis in part by the fertilizer section and in part by the feed

and dairy section of the department of chemistry.

The second series consisted of 76 roots, or 4 from each of

11 nitrogen plots before mentioned, together with 4 plots iised

for a test of different qnantities of superphosphate and 4 plots

for different qnantities of muriate of potash. These samples

were secured by Mr. Gaskill and the writer in November, 1910,

and were j^repared for analysis under the supervision of the

latter.

The third scries consisted of 16 roots, or 4 from each of

4 of the nitrogen plots, and were gathered under the suj^crvision

of Mr. C. W. Prescott on June 23, 1911, and were prepared

for analysis by the writer.

All the analytical work has been based on the methods of

the Association of Official Agricultural Chemists,^ except where

departures are mentioned as necessary owing to the character

of the material.

A:\rouNT of Fektii.izers Apn.iED.

Each plot in these tests contained one-twentieth acre and was

129 feet long by 16 feet lOl/j inches wide. At the time of set-

ting the plants the entire area received a uniform dressing of

the following chemical fertilizers :
—

Pounds per Acre.

Lime, 2,000

Fine-ground bone, ........ 1,000

Nitrate of soda, 150

Acid phosi)hate, ........ 600

Muriate of potash, 350

N'o check plots without fertilizer were included in the plan.

The annual top-dressing was applied to the different plots in

the following quantities per acre :
—

» Bulletin No. 107 Revised, Bur. of Chom., U. S. Dept. of Agr.
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Effect of Different Atnounts of Nitrate of Soda.

Season of lOOS, Average Roots.

Plot Number. Fresh Weight
(Grams).

No nitrogen,

Low nitrogen,

Medium nitrogen,

High nitrogen, .

1,40

31, 32, 33

34, 35, 36

37, 38, 39

1,027

947

1,248

1,127

Season of 1910, Average Reals.

No nitrogen.

Low nitrogen.

Medium nitrogen.

High nitrogen, .

1, 40
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of eitli(>r ill tlic top-dressing produces a iiotaldy lower average

weight of roots. The mediimi applications of phosphate and of

potash salts produce the highest average weights of roots.

Ilousseaux and IJrioux ^ found the heaviest roots where

manure and chemicals were combined, and it is of interest that

the fresh weight was 2,GOO grams, which is practically the same

as the weight of our roots from the plots receiving top-dressings

of medium amounts of fertilizers.

Effect of Seasoti of Application of Nitrate of Soda on Weight of Roots.

Spring Application (Grams).

Plot
Number.

Low,

Medium, .

High,

Average,

1,025

1,200

1,330

1,207

2,545

2,733

2,854

2,711

1,852

2.770
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The individual roots in this summer collection showed much
wider variations than the late fall series, which is attributed to

the difficulty of judging average plants by the young shoots, and

it is pi-ol)able that the different plots are not as fairly repre-

sented as in the fall collections.

Effect of Fektilizeks ox the Fektilizixg Constituents

OF the Roots.

The fertilizing constituents of asparagus roots were found by

Rousseaux and lirioux ^ to be as follows :
—

Manure only
(Per Cent.).

Manure and
Chemicals
(Per Cent.).

Dry matter,

A.sh, .

Nitrogen, .

Phosphoric acid,

Potash,

Lime, .

Magnesia, .

Sulfuric acid,

28.26

6.90

1.20

.50

1.23

.31

.04

.33

2G.27

7.22

1 73

.48

1.57

.41

.05

.36

Wichcrs and Tollens - reported the following results on the

principal fertilizing constituents: —

Moisture,

Nitrogen, .

Phosphoric acid (PaOs),

Potash (K2O), .

The general average of fertilizing constituents calculated

from the various analyses made at this experiment station is as

follows :
—

J hoc. cit., p. 312.

2 Loc. cit., p. 109.
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EJJcd of Muriate of Potash on Ash Constituents.

Roots of 1.910.
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Effect of Supcrphosj>hatcs on Nitrogen.

1910
(Per Cent.).

No phosphate, .

Low phosphate, .

Medium phosphate,

High phosphate,

2.27

2.05

2.18

2.04

Effect of Muriate of Potash on Nitrogen.

1910
(Per Cent.).

No potash.

Low potash.

Medium potash,

High potash.

2.10

2.02

2 06

2.08

Effect of Season of Application of Nitrate of Soda on the Nitrogen.

Spring Application.

Plot
Number.

1908
(Per Cent.).

1910
(Per Cent.).

Low,

Medium, .

High,

Average,

1.57

2.18

1.96

1 90

1.64

1.97

1 96
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Tho hio-hcr percentage of nitrogen duo to the summer top-

dressing with nitrate of soda is very noticeable, as was the

smaller average weight of roots, compared with the spring

application.

The roots of 1911 gathered in the summer just before the

annual summer top-dressing showed the same general differences

between the spring top-dressing and summer top-dressing.

Plot Number.

31, .

34, .

Spring Application.
Per Cent.

1.81

2.05

Average, 1.93

Plot Number.

32, .

35, .

Summer Application.
Per Cent.

, 2.06

, 2.15

Averaj^e, 2.10

Whatever exhaustion of material occurred during the cutting

season did not influence the percentages of nitrogen in the roots.

Effkct of FektilizePvS on the Non-nitrooenous Material

OF Asparagus Roots.

Wichers and Tollens ^ have shown the proximate composition

of asparagus roots and crowns to be as follows :
—

Moisture,

Ash,

Crude protein,

Crude fiber, .

Fat,

Nitrogen-free extract.

Sugar,

Pentosans,

April.

Roots.

3.00

12 20

14 13

8.72

.72

61.23

100.00

30.80

6.25

Crowns.

3.86

15 21

10 25

15.42

'1.59

53.67

100.00

17.70

9.77

July.

Roots.

3.61

11.77

16.50

13.54

1.10

53.42

100.00

23.19

7.73

Crowns.

2.93

11 67

9.90

19.79

1.67

54.04

100 00

15 32

11.48

« Loc. cit., p. 109.
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The writer has found the composition of the combined crowns

and roots in his samples to averag'e as follows: —
November,

1908,
16 Roots.

November,
1910,

4 Roots.

June, 1911,

8 Roots.

Dry matter.

Ash

Crude protein, .

Crude fiber.

Fat, . . . .

Nitrogeu-free extract.

Sugar,

Pentosans,

6.24

11.03

15.39

1.00

66.34

100.00

41.43

8.78

22.40

7.68

11.02

17.89

1.58

61.83

100.00

35.85

10.12

18.34

8.87

12.75

23.60

1.63

53.09

100.00

20.87

11.66

The sugar which forms such an important percentage of the

reserve material has been found to be a soluble carbohydrate

readily hydrolyzed to glucose and fructose, having a rotary

power differing widely from cane sugar, but otherwise resem-

bling it in all its chemical properties.^

In the series of 1910 and that of 1911 particular attention

was paid to the sugar to determine if fertilizers had any effect

on its development.

The sugar was extracted by heating 2 grams of the dry, finely

powdered material with 50 cubic centimeters of water in the

boiling water bath. Basic lead acetate and alumina cream were

added after the solution was cool, and the volume made up to

100 cubic centimeters. When the precipitate had settled, which

it usually did in an hour, the solution was filtered through a

dry filter. The lead was then removed with sodium carbonate

and an aliquot of 50 cubic centimeters was inverted by HCl by

standing for twenty-four hours at 20° to 25° C.

About half of the samples showed the presence of reducing

sugars before inversion, but seldom more than a trace ; the

remainder showed no presence of reducing sugars

The total invert-sugar was determined by use of Fehling's

solution in the usual manner, and the copper was deteraained

volumetricallv.

• Tanret, loc. cit.; Wichers and Tollens, loc. cit.; Morse, Jour. Am. Chem. Soc., 33, 211-215.
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Ill the nitrogen series the sugar was determined in each root

and then averaged for the plot as in the nitrogen investigation,

but in the superphosphate and potash series only two roots

from each plot were used.

Effect of Nitrate of Soda on Siigar.

-Vo Nil rat
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The percentages of sugar vary independently of the varions

kinds of top-dressing, since there are wide variations in the

resnlts for Plots Y, 11 and 34, on which identical amonnts of

fertilizers had been applied.

The season of application of nitrate of soda apparently did

not influence the percentages of sugar in the fall roots, but there

is less apparent exhaustion in the 1911 roots where nitrate had

been applied in the spring (Plots 31 and 34).

Since the variations in sugar showed so little relationship to

the scheme of fertilization, it was not deemed worth while

to pursue the investigation into the effects upon fiber and pen-

tosans, as there are too many factors to be correlated.

Summarizing the results briefly, it has been shown that the

medium amounts of chemicals in this scries of fertilizer tests

produced the most favorable results on size and composition of

the asparagus roots.

The absence of any one of the three fertilizers resulted in

depression of weight of root, Avhich was accompanied by a de-

pression in nitrogen in the absence of nitrate of soda, and by a

depression in the potash and ash in the absence of muriate of

potash.

The summer top-dressing with nitrate of soda produced

smaller roots than the spring top-dressing, but with notably

higher percentages of nitrogen. The exhaustion of the roots by

the cropping season was most manifest in the percentages of

sugar in the roots from the summer top-dressed plots.

The thanks of the author are due Messrs. Ilaskins and Walker

for the analytical data on ash and ash constituents, to Dr.

W. P. Brooks, director, for the fertilizer data, and to Dr. J. B.

Lindscy, chemist, for many timely suggestions.
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DEPARTMENT OF ENTOMOLOGY.

REPORT OF THE ENTOMOLOGIST.

H. T. FERNALD.

During the year 1912 the work in the department of ento-

mology has been mainly devoted to the prosecution of projects

already begun, with few additions to the list.

The insect collection has been somewhat added to and main-

tained in its previous good condition. Its constant use for ref-

erence by every one working on insects at the college, and by

many from outside, has been very noticeable, and its value for

this purpose is constantly increasing as it becomes more com-

plete.

The number of letters of inquiry received during the year

has been so large as to require, on an average, several hours'

attention each day, and, as was the case last year, has covered

many topics. Most of these inquiries have not been about the

more noticeable insects, but about what may be termed those of

secondary prominence, for though destructive they are not as

liable to attract attention. As less is naturally known about

these insects than about the more evident ones, more time has

necessarily been required to give the information desired than

was the case a few years ago, and in some instances personal

visits- have been required in order to fully understand conditions

before the best advice as to treatment could be given.

Under the Hatch act further observations on the dates of

hatching of the young of the oyster-shell, ]iine-leaf and scurfy

scales have been made, and experiments on the control of the

onion maggot have been begun. These last are reported on more

fully elsewhere. Tests of various insecticides have been made

and are also reported elsewhere. Methods for the protection of
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seed corn from wircwornis have been continued, and an improve-

ment on those previously discovered is now under consideration

for next season.

Under the Adams fund the two projects mentioned in former

reports have been carried farther. The causes of the burning

of foliage by arsenical poisons have been given much study, ac-

companied by over a thousand separate field tests, each followed

by an examination of the results of the treatment at intervals

of a day or two for more than a month. Closely involved in

this has been the consideration of the nature of the insecticides

used, and in this portion of the work the co-operation of the

chemical department of the station has been invaluable.

If the causes of injury to foliage following the application

of arsenicals are to be clearly understood, it is evident that the

composition of the materials applied must be known. The in-

jury may in fact be due, either to impurities in the materials

themselves, to their decomposition after application to the leaves,

or to something normally and necessarily present in them. To

avoid the first possibility, materials as nearly absolutely pure

as it is possible to obtain have been sought, and have only been

found after many trials, it being evident that almost none of

the insecticides on the market at the present time are pure or

even an^-where near it. As it is quite possible that the impuri-

ties are the cause of the injuries, it is of course desirable to

eliminate these, and in the materials used the first season it

Avas supposed that this had been accomplished. Too late it was

learned that this was not the case, and that the treatment was

made with substances which had been guaranteed pure by the

manufacturers, but which were far from being so. The conse-

quence was that the chemical department was obliged to take

up the problem of finding methods by which pure Paris green,

arsenate of lead and arsenate of lime could be made, and of pro-

viding this department with them in quantities sufficient for use.

This has been successfully accomplished, and the spraying last

year, in part, and th^ past summer has been with these.

The actual value of wasps as parasites has never been investi-

gnted carefully. General statements that they are " extremely

useful," or that " their importance can hardly be overestimated,"
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are in reality little more than gnesses, and it has seemed desir-

able to investii^atc the snbject more seientifically in order to de-

tennine their real efficiency. To do this with all wasps is of

course impossible, so a group of these insects widely distributed

in all parts of the covmtry has been selected for study. To clear

the way and establish a firm foundation for the work it has been

necessary to ascertain how many kinds are involved, and their

reliitive abundance in different localities, to be followed by a

determination of their fertility, the nature and amount of the

food they consume, their mortality and numerous other factors

which enter into the problem. Most of the preliminary work

on this project has now been completed, and considerable has

been accumulated on its other aspects. It is too soon to gen-

eralize on this subject, but it has already become evident that

these insects are decidedly beneficial because of their choice of

food material which is in most cases chosen from among our

worst pests.

The results of experimentation on color vision in bees— an

Adams fund project in charge of the apiarist of the station—
are stated as follows :

—

While much liiuited in time nvailal)le for the several branches of bee-

keeping work this year, progress in experimentation on the color vision

of bees has been made. One supposition has been proven with relative

satisfaction. An instrument for counting has been {le\'ised and rela-

tively perfected. A foreign work which applies to the prol)lem has

been translated. Correlated exjieriments have given and are giving good

results.

So far as opportunity has offered, studies on the distribution

of our worst pests in the State have been continued and the

results tabulated for future reference.

Other work of the department is more fully detailed elsewhere

in this report under the titles, " Tests of Insecticides," " Ex-

periments for the Control of the Onion jMaggot " and " Ingect

Becord for 1912 in j\rassachusetts."
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EXPERIMENTS FOR THE CONTROL OF THE
ONION MAGGOT.

H. T. FERNALD AND A. I. BOURNE.

Onions are grown on a large scale in many parts of Massa-

elmsetts, particularly in the Connecticut valley. Fields cover-

ing 10, 15 or even 25 acres are common, and the crop is an

important one.

For some years the onion maggot, Phorhia cepetorum Meade,

has been a serious enemy of the onion grower in this region,

much loss having been caused by its ravages. In 1911 this was

particularly the case, one individual who had 6 acres planted

estimating his loss by the attacks of this insect at about $400.

Quite a part of this was on one plot covering only 2 acres, which

was so thoroughly infested as to make the crop there hardly

worth gathering. It has seemed desirable on this account to

investigate methods for the control of the onion maggot, par-

ticularly as applied to large fields.

The Peoblem.

1. To determine the effectiveness of various methods for the

control of the onion maggot.

2. To determine whether any which prove effective can be

used in large fields without too great cost.

Previous Experiments.

An examination of the literature on this subject showed that

most of the work had been primarily with other maggots such as

the cabbage maggot, Pegomyia hrassicae Eouche, and that con-

clusions had apparently to a large extent been drawn from these

experiments. Where this was not the case it seemed probable
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from what was stated that the tests had been made upon but a

few rows of onions at most.

To regard methods of controlling the cabbage maggot as

equally applicable to the onion maggot is a rather doubtful posi-

tion to take. Cabbages are grown from seed under glass or

screens, and when they have arrived at the proper size are trans-

planted; and are usually placed about 2 feet apart. Onions

(except for "sets ") are planted where they are to remain until

gathered, only an inch or two apart, and with the rows from

12 to 15 inches distant. Conditions, therefore, are widely differ-

ent, especially when a large acreage is concerned.

With these facts in mind some of the treatments described

could immediately be discarded as impracticable under the con-

ditions existing, whether reported as of value or not. Others,

it seemed, might possibly be made use of, -— though the question

of their cost for large fields would need to be determined,—
while others, still, appeared on their face to be rather promising.

A new substance, nicine, which had been received for trial was

also included in the list of materials to test.

Conditions of the Experiment.

For experimental purposes on a rather small scale, prelim-

inary to later, more extended ones, two plots of land were re-

served close by where onions had been growing the preceding

year, and where the maggots had been very abundant. Each

was about YO by Y5 feet in dimensions. The north plot lay

somewhat higher than the other, and the soil was somewhat

sandy and lighter than that of the south plot, where it was

rather heavy. Both plots sloped slightly toward the south, and

the two were separated only by a grass roadway. In the north

plot the onions were planted in rows about a foot and a half

apart, while in the other they were only a little over a foot apart.

In both plots the rows ran north and south.

The " catch " of the seed in neither plot was satisfactory.

Gaps often a foot or two in length were frequent in the rows,

particularly in the north plot, and this may have had some

inflnouco upon the results, as it is claimed that the maggots after

destroying a plant may at least in some cases pass to the next
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one in the row. If this be correct, gaps in the row would tend

to reduce the number of })huits injured below what wouhl be

the case in full rows.

Treatment was begun soon after the plants appeared, when

they were not more than an inch and a half high, and was con-

tinued at proper intervals until the maggots were seen to be

leaving the plants to pupate. At the time of the first treatment

no trace of maggots or of Hies laying eggs could be found. Each

material was applied to specified rows in each plot. Between

these, untreated rows— usually several— were reserved as

checks.

The weather during the period the tests were made was, on

the whole, quite favorable, there being little rain, and what there

was, mainly in the form of light showers. In no case did rain

follow an application so closely as to thereby much impair its

effectiveness. Occasionally the wind was strong enough to cause

a little difficulty in applying dusting materials, but in general

the days were clear, warm to hot, and with little wind.

Examination of the results of each kind of treatment was

made frequently, and all plants found infested were removed,

care being taken to remove all the maggots at the same time, that

they might not go to other plants and thereby increase the ap-

parent infestation.

1^0 exact record of the number of maggots found in any sin-

gle plant was kept, but it was noticed that during the earlier

part of the season there were usually but one or two maggots

in each infested plant. Later, as the plants became larger, it

was not uncommon to find 10 or 12, or even more, in a plant.

Wireworms and white grubs were present, attacking the onions,

but in very small numbers.

Experimental Wokk.

Examination of the records of work on this insect carried on

elsewhere finally resulted in the selection of the following ma-

terials for trial: (1) carbon disulfid
; (2) nicine

; (3) powdered

hellebore; ^4) hellebore decoction
; (5) soap wash

; (6) carbolic

acid and lime; (7) kerosene emulsion of three different

strengths; (8) carbolic acid emulsion also of three different
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strengths. More detailed accounts of tLc use of each of those,

and the results, follow :
—

Carhon Dlsidfid.— This substance has Leon recommended as

very effective. It is applied in shallow grooves near the plants,

so that the gas into which it becomes converted may penetrate

through the soil to the onions and destroy the maggots. The

fluid itself, however, is liable to kill the plants if it reaches

them.

In this experiment a shallow groove was made about 2 inches

from each plant, and a little of the liquid was poured into this.

The groove was then quickly covered. The application is rather

slow and tedious, particularly if more than a small area is thus

treated, as the grooves must be short, unless considerable mate-

rial is wasted, in order to cover quickly.

This treatment proved to be very unsatisfactory. For some

reason many of the plants were killed, indicating that either

too much disulfid was applied; that the grooves were too near

the plants ; or that the gas as well as the liquid is dangerous to

use. In this experiment about 90 per cent, of the plants died.

On the other hand, a large proportion of the plants which

escaped destruction by the treatment became infested with mag-

gots, from which it may be concluded that where the application

is so far from the plant or so little is used as to avoid in-

jury no protection from maggots is obtained. It is possible that

with an exact amount of material to apply to each plant care-

fully worked out, and the distance to apply this also known,

protection without injury might be secured ; but it is evident

that such care in application as this would require would be

impossible in the case of large fields, where the amount of time

demanded to do it properly would make the cost prohibitive.

Even when not applied with the utmopt care the cost is great.

Carbon disulfid in small quantities costs about 30 cents per

pound. It might, perhaps, be obtained in bulk for half this

price, but taking the higher cost and calculating the amount

necessary to treat 1 acre we would have an expenditure of from

$12 to $14, while the time required to apply it to this area,

based on Avages at $1.75 per day, would be rather more than

this, and if more care in the application were given the time

would probably be more than doubled. The cost of using carbon
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disiilfiJ per aero, therefore, allowing the material to be pur-

chased at half what it actually cost for the experiments, would

be at least from $20 to $30 per acre,— a prohibitive expense.

Nicine. — This substance, manufactured bj the Hood Chem-

ical Company of Chicago as a deodorant, disinfectant and germ-

icide, was offered for trial as an insect repellant. It is a

powder, and directions furnished by the company were as fol-

lows :
—

Where a plant or tree is infected with root maggots shake off as much

of the earth from the roots as possible. Then sprinlde nicine over the

roots and plant in fresh soil, and if convenient make a small circular

ditch about 3 or 4 inches deep around the plant and IV2 to 2 feet from

the center. Sprinkle nicine freely in this ditch, cover up with soil, and

the plants will not be bothered with maggots or insects.

It was manifestly impossible to follow these directions in

the case at hand. The nicine was therefore dusted along the

rows, care being taken to place a good supply around the base

of each plant. As the maggot must work down along the plant

to the bulb, wdiere it feeds, this method would seem to force the

maggots to pass through, or at least close to, the powder, which

has a very pronounced odor.

The result of this exj^eriment w^as unsatisfactory, as plants

in the rows treated became infested shortly after the applica-

tion. In fact, some of the earliest infestations in the field w^ere

in rows treated in this way.

At such prices as have been quoted for this material, enough

to treat an acre in this way v/ould cost about $50, and the labor

in applying it would cost about $12 or $13, Evidently, then,

this material is not available for use on large onion fields, irre-

spective of its effectiveness, because of the expense wdiich Avould

be incurred.

Powdered IleUchore. — Ordinary powdered hellebore was

dusted liberally along the rows around and over the bases of the

plants, wath the idea that the .young maggots working down to

the bulbs to feed would come in contact with it and be destroyed.

It has been supposed that it might also act to some extent as a

repellant, preventing egg laying.

Results from this treatment could at best be rated as only
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fair. The application was repeated three times, and this of

course meant a large increase in cost. Hellebore in suttlciont

amount to treat an acre once would cost, at the rate paid for

the material used in these tests, more than $50, and the labor

in applying it about $13 more. Even if it were effective as a

treatment its cost would, accordingly, prevent its use in large

onion fields.

Ilellehore Decoction. — This was prepared in accordance

with directions given by Smith (Xew Jersey Bulletin Xo. 200),

by steeping 2 ounces of powdered hellebore in a quart of water

for half an hour, stirring occasionally. It was then diluted, to

make 1 gallon of liquid, and applied thoroughly to the ground

at the base of each plant. If a large amount of this decoction

be made at one time it can be kept without losing strength if

placed in tight containers.

This material was applied through a nozzle giving a coarse

stream, only enough pressure being given to the pump to cause

a steady flow, without breaking up the decoction into a spray.

A liberal amount was placed at the base of each plant in this

way. Three applications were made at about ten-day intervals.

Results obtained were very unsatisfactory, as the treatment

did not seem to have any effect whatever on the infestation. Its

cost, too, though less than that of the powdered hellebore, placed

it as too expensive for use. Decoction sufficient for one appli-

cation to an acre would cost about $15, while the expense of

application would be about $12. Three treatments, therefore,

would bo prohibitive from this standpoint, though necessary,

even according to those who report some success with this ma-

terial.

Soap Wash. — This was made by dissolving 1 pound — about

2 bars, in most cases— of good soap in 10 gallons of water. It

was poured along the rows, using a force pump without a nozzle

so that a solid stream could be obtained, and the ground around

the plants was well soaked Avith it. Three treatments were

given at intervals of about ton days except in one case where

rain seemed to make it desirable to repeat the application with-

out waiting for the end of this period.

Results with this material were at best only moderately good,

infection appearing to some extent along the rows treated in
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this way. As tlio cost of soap enough to cover an acre once in

this way wonhl be from $8 to $10, and the hihor involved would

come to about $14, three treatments, each c(jsting from $20 to

$24, would manifestly be too expensive.

Carbolic Acid and Lime {" Carholized Lime"). — The ob-

ject of this treatment is to cover the ground around each plant

with a coating througli which the maggots cannot penetrate,

much as tarred paper discs act in the case of the cabbage mag-

got. The practical difficulty with it is that in cultivation and

weeding the coating becomes broken and therefore not effective.

To prepare it, lime is slaked to a thick cream. Three pints

of this are added to a gallon of water, and a tablespoonful of

crude carbolic acid is stirred in. The mixture is then poured

along the rows to form a complete coating around each ])laiit.

The odor of the carbolic acid was very noticeable for some

time near the plants treated in this way. It was necessary to

repeat the treatment, however, after each cultivation or row

weeding, as in every case the coating was more or less broken

by this work.

The results w^ere far from satisfactory. Either the coating

was not sufficiently thick to prevent the maggots from passing

through it, or they went beneath it. In any case, the infestation

in the rows treated with this material was as great as in the

check rows.

The cost of the material was not great, nor was the time nec-

essary to prepare it. Application, however, had to be carefully

made, and the total cost per acre for a single treatment would

be about $2-3 or $24. At least three applications would be nec-

essary following cultivation, wdiich would make this treatment

too expensive.

Kerosene Emulsion. — This material was prepared according

to the usual formula, and was diluted to three ditferent degrees

:

1 part of stock emulsion to 9, 1 to 14 and 1 to 19 parts of

water. It was applied in the same way as the soap wash and

repeated at intervals of from ten to fourteen days. jSTo injury

to the plants at either strength was observed, nor did the differ-

ent degrees of dilution appear to affect the results as regards

the maggots.

Little protection from maggots was found as the result of



178 EXn-RLAIEXT STATION. [Jan.

this treatmont. Tlic material for 1 acre would cost about $10,

and the cost of labor, making and applying it would be about

$12 or $14 more. The total cost for three applications to an

acre of onions would therefore be $60 or more, and would make

this treatment too expensive, even if it were effective.

Qarholic Acid Emulsion. — This V\^as prepared as follows:

soap 1 pound, water 1 gallon, crude carbolic acid 1 pint; dis-

solv(; the soap in water (boiling, to hasten solution) ; add the

carbolic acid and churn as for kerosene emulsion until a creamy

substance thoroughly emulsified has been produced.

This v/as diluted to three strengths : 1 part to 30, 1 to 40 and

1 to 50 parts of water. It was applied in the same way as the

soap wash and the application repeated every other week.

The results obtained so far as control of maggots is concerned

were the most satisfactory of any, decidedly checking the infes-

tation in the rows to which it was applied. On small areas it

would appear to be the most effective of the materials tested,

and its application to large fields would be determined largely

l)v its cost. This, for materials and labor together, was calcu-

lated at from $8 to $12 per acre, according to the strength used.

It would i^robably need to be applied at least three, and j^robably

four times, however, to be effective, wdiich would make the total

cost from $35 to $50. It should also be borne in mind that

it was not an entire success, but only relatively so. So far as

could be determined the three strengths were about equally ef-

fective.

GE^^EKAL CoiSrCLUSIONS.

N^one of the materials tested proved satisfactory, though the

carbolic acid emulsion gave the best results. It was also one of

the less expensive treatments, costing from about $8 to $12 per

acre for each application. It is not improbable tliat some of the

other materials, a]^plied frequently and with care, might prove

of some value, but only on small areas would this be possible at a

reasonable expense.

The whole experiment indicates: (o) tliat no entirely effec-

tive method of controlling the onion maggot has as yet been

discovered; (h) that many of those thus far recommended are

of little value, at least on large fields
;
(c) that the cost of treat-
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moiit witli most of tlicin is so great as to rciulcr thorn unavail-

able for largo areas. Finally, the most promising line of inves-

tigation seems to be the discovery of something which will

effectnally repel the insects or destroy the maggots, and which

can be ai)plied either as a part of the i)lanting process or in

connection with cultivation, thns avoiding the necessity of spe-

cial treatments by combining these with usnal methods of culti-

vation. Experiments along these lines are now being planned.
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DEPARTMENT OF HORTICULTURE.

REPORT OF THE HORTICULTURIST.

F. A. WAUGII.

The experimental work in horticulture has been carried for-

ward during the past year without change of policy or person-

nel, unless we note the fact that Dr. J. K. Shaw is directing a

larger part of his time to the study of pomological problems,

and a diminishing part to investigations in plant breeding. Spe-

cial mention may be made of the beginning of an extended in-

vestigation in the interrelations of scion and stock in graftage.

It is contemplated that these experiments will cover a period of

twenty years or more. They will be conducted in part on land

in Amherst leased by the experiment station for this purpose;

but certain practical phases of the work will be checked by du-

plicate tests made in different parts of the State in co-operation

with fruit growers. These problems are of great theoretical

interest and greater practical importance, and the present

studies are begun in the hope of many valuable results to follow.

Attention should be drawn at this time to the increasing de-

mand for practical experiments in floriculture and market gar-

dening. These important industries have been measurably neg-

lected in the experimental work of the past, and the men now
engaged in these lines of work have repeatedly signified their

wish for help and their willingness to co-operate with the exper-

iment station in planning and carrying out desirable lines of

experiment. Projects for experimental work have already been

submitted by the heads of the do]iartments of floriculture and

market gardening, and the careful consideration of those proj-

ects is herewith uro;ed.
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Another line of work which should be taken np at the earliest

possible date is that of horticiiltnral manufactures, or the home

industries of canning, preserving, drying, evaporating, jam and

jelly making, etc. These could be made a source of substantial

profit to fruit and vegetable growers. While this work should

be promoted in all its aspects by the college, it seems that the

most important part of it, and the part which should be first

taken up, is the work of investigation and practical experiment.

A project for the work in horticultural manufactures has been

filed, and I also urge careful attention to this matter.

The experimental work in this division, and especially the

work now in charge of Dr. J. K. Shaw, demands some addi-

tional clerical assistance, both in the field plots and in the

office. The present needs could be most efficiently met by the

appointment of a graduate assistant who would give one-half

his time to this work, the remainder being spent in postgraduate

study; and I recommend that such an appointment be made at

the earliest possible moment.
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THE INHERITANCE OF BLOSSOM COLOR IN
BEANS.

J. K, SHAW.

For several years we have given considerable time to the

stndj of heredity in beans. Nineteen varieties have been used,

and the method nniformly followed has been to make a cross

of two differing types and self-fertilize the progeny through

four generations, keeping careful records of the characters

under observation as they appeared.

The self-fertilization has been done by covering the plants

with muslin bags, each supported by a short stick or bent wire.

Some have been grown in the greenhouse during the winter, and

these have of course reqnired no protection. Some of the

crossing has been done in the greenhouse and some in the field,

in which case paper bags have been used for protection from

insect interference. The parent plants have each received a

number, and our records show just what plants were involved

in any particular cross. The system of records used has

already been described by the writer.* In this way a vast

amount of data has been accumulated and many interesting

questions are presented for study. It is the purpose of this

pa])er to deal with the inheritance of blossom color, leaving

the other characters studied for later consideration.

In the early ])art of the work the plants used were from

commercial seed bought in the open market. When the writer

took charge of the work the policy was adopted of securing

]uire races as qnickly ns possible by self-fertilizing individual

]ilants, and since then these have been used in the crossing

work. It is probable that some of the plants used first, while

externally typical of the variety, were not gametically pure

and led to confuting results.

« American Naturalist, Vol. XLV., p. 701 (1911).
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As indicated by external aj^pearancc the blossom colors of the

varieties under cx2)erimcnt fall under four types. These have

been designated as white, light pink, pink and crimson. In ad-

dition to these parental colors a new form has appeared, and

this has been called " vraxy pink " for want of a better term.

All the colored types are somewhat variable, and some difficulty

has been occasionally experienced, especially in the early stages

of the work, in separating them ; but it is believed that this has

not been serious enough to affect the results. The blossom color

of the varieties used is as follows :
—

White: —

•

Giant Striiigless.

Creascl)ack.* Mohawk.

Davis Wax. Warren.

Golden-eyed Wax. AVarwiek.

Keeney Rustless. Pink: —
Red Valentine. Challeni;e Black AVax.

AA'ardwell. Currie.

AVhite iMarrow. German Black AVax.

Light ]iiiik :
— Prolific Black Wax.

Burpee Stringless. Crimson: —

•

Goldeia Carmine. Blue Pod Butter.

Inasmuch as the blossom color and the pigmentation of the

seed-coat seem to be correlated, it may be well to state here the

seed-coat colors of these varieties, as follows :
—

Blue Pod Butter, buff.

Burpee Stringless, coffee brown.

Challenge Black AA'ax, black.

Creaseback, white.

Currie, black.

Davis AVax, white.

German Black AA''ax, black.

Giant Stringless, yellow.

Golden Carmine, mottled, buff and reddish.

Golden-eyed AA^ax, white; small yellow eye.

Keeney rustless, white; large dark-reddish mottled eye.

Mohawk, mottled, reddish brown.

Prolific Black Wax, black.

In nomenclature we follow Jarvis. Cornell Exp. Sta. Bull. No. 260. Anyone desiring a com-
plete description of these varieties is referred to this bulletin or Bu. Plant Ind. Bull. No. 109.
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Red Valentine, reddish mottled.

Wardwell, white; large dark-brownish eye.

Warren, deep red.

Warwick, dee]) reddish mottled.

White Marrow, white.

The blossoms of the varieties classified as white-flowered have

been invariably a pure white so far as observed, with the ex-

ception of Red Valentine. This sort has occasionally shown

flowers with a very slight pinkish tinge on the more exposed

positions of the keel; while drying with age they take on a dis-

tinct waxy tinge. It should be noted that the seeds of this

variety have mottled seed-coats while all the other white-flowered

varieties are either white seeded or eyed.

The varieties classified as light pink have flowers with a dis-

tinct tinge of pink, especially on the keel. They do not show

the waxy color of white-flowered sorts while drying, and are

readily separated from them even though this pink tinge may
be very slight. From the pink-flowered sorts, on the other hand,

they are not so easily distinguished, and it is evident that a few

errors have hero been recorded, but care has been taken not to

allow these to lead to any false conclusions.

The pink-flowered varieties have a deep shade of pink over

the entire flower, including the inside of the banner petal, but

the outside is white. The so-called crimson flowers of the Blue

Pod Butter are more properly a i:)urplish crimson, and invari-

ably the leaves and stems of the plants are deeply tinged with

dark purple. These flowers are distinguished from the pink

ones, not only hv their darker shade but more certainly by the

outside of the banner petal which is purplish crimson instead

of uneolorcd.

The waxy ]nu\\ flowers have appeared only in crosses having

Blue Pod Butter as one of their parents. They resemble the

light pink blossoms but are readily distinguished from them.

The pignnent seems deepest on the outside of the banner, and

the whole plant invariably has a peculiar waxy-broAvnish-yellow

appearance.

These colors are well represented in the colored plate.
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Turning now to a discnssion of the tabulated data, Table 1

shows the results of crossing varieties with light pink flowers

with white-flowered sorts, where only light pink and white-

flowered plants resulted. Some such crosses gave pink-flowered

plants, and these are given in Table 2. The results shown are

generally in accordance with Mendelian expectation, assuming

the light pink blossom to be dominant over white. There are

two cases where a white-flowered parent has colored offspring.

It is possible that in the cross Ked Valentine and Giant String-

less this is due to error in observation of the color of the flowers

of the parent plant on account of the effect of bagging to insure

self-fertilization, this having a tendency in some cases to check

color development. The same may be said regarding the similar

case in Red Valentine X Mohawk. The case of the single light

pink plant in Golden-eyed Wax X Giant Stringless is unex-

plained. ScJme departures from the numerical expectation are

recorded. A marked excess of white-flowered plants occurs in

the crosses involving Golden-eyed Wax, and a similar excess is

shown in later tables when this variety is involved.
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In Table 2 arc given results from certain crosses that arc not

in accordance with expectation, in that deeper colored Howers

appear among the oll'spring than those possessed by either parent

variety. In the cross of Golden-eyed Wax X Burpee Stringless

there appear two })ink and one crimson llower in the F3 genera-

tion. These all occur among the progeny of a single selfed

plant having light ]nnk flowers. The pink-flowered plants bore

black beans, while the crimson-flowered plant bore dark mottled

beans. The significance of this correlation will be discussed a

little later. In the crosses of Burpee Stringless and Giant

Stringless with Keeney Rustless, pink flowers occur in both the

F2 and later generations, and in such numbers as to preclude

the possibility of errors in observation. Coincident with these

pink flowers occur black or dark mottled seeds, and coincident

with the white flowers appear eyed beans, a character coming

from the eyed parent, Keeney Rustless. The cross of White

Marrow X Golden Carmine presents a variety of surprises hard

to comprehend. As will be sho^vn later, this is common with

the White Marrow. It is most undependable in its behavior in

crosses. It is evident that some of this is due to a mixture

of strains which may be alike in external appearance but behave

dift'erently in crossing, but there are other abnormalities shown

that will bear much investigation. The reciprocal crosses of

Warwick and Creaseback show pink flowers, again coincident

with black pigmeiit in the seed coat. It is evident that Crease-

back carries a factor that blackens any pigment it may en-

counter, at least so far as our experience goes, and this black-

ening is accompanied by pink flowers. None of the pink-

flowered plants have bred true to flower color. All seem to

be heterozygous.
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In Tables 3 and 4 arc given onr resnlts of crossing pink with

wliite-llovvered varieties, tlie division into two tables being

siinj)lv for convenience in arrangement. A striking thing

shown in this table is the excess of white-flowered i)lants in

the crosses involving Golden-eyed Wax. This occnrs in all

cases except in the F2 generation of the cross with Prolific Black

Wax. It is seen also in crosses with light pink-flowered sorts,

especially with Giant Stringless in Table 1, also in crosses with

Bine Pod Bntter in Table 5. The total nnmber of hybrid plants

from crosses of Golden-eyed Wax with pigmented flowered varia-

tions is 1,053, of which 407 are white-flowered, while the ex-

pectation of one-fonrth of the total nnmber is 2G2. This is a

proportion of 1.59 :f instead of 3:1. This departnre from ex-

pectation is probably dne to a correlation between blossom color

and seed-coat colors or color patterns. Another thing that calls

for explanation is the occnrrence of light pink flowers in

the second generations in Table 4. These appear in a ma-

jority of the crosses bnt not in all of them. There can be little

reason to donbt that nearly all, at least, of these classifications

of blossom color are correct, for onr policy has been not to record

a departnre from expectation in any case of donbt, bnt only

where the nnexpected character is reasonably typical. As pre-

vionsly explained, these two color types are quite distinct. It

may be observed that White Marrow gives peculiar resnlts here

as in crosses already discussed. It is probable that the appear-

ance of the light pink blossoms in these crosses is connected

with the pigmentation of the seed-coat, and may be explained

by a study of the seed-coat color. Wliite Marrow evidently

carries several factors modifying pigmentation both of seed-

coat and blossom.
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In Table 5 are shown the results of crossing various white-

flowered varieties with ]jlue Pod Butter, the one crimson-

flowered variety under observation. The results of these crosses

present several imexpected comjdications. The most striking

is the new and distinct blossom color designated as " waxy
pink." This resembles the light pink more than any of the other

colors, the amount of coloration being about the same, but its

distribution is dift'erent, being heaviest on the outer part of the

banner petal. It carries no suggestion of purple, and the entire

plant has a waxy-yellow tinge distinct from the deeper green

of the other plants. It will be noted that this type appears in

all crosses of Blue Pod Butter, given in Table 5, except those

with Davis Wax and Creaseback. It also appears in all

crosses of Blue Pod Butter with varieties having light pink

flowers shown in Table 7, but appears in none of the crosses

with pink-flowered black-seeded varieties given in Table 8. It

must be regarded as resulting from a cross of Blue Pod Butter

with some, but not all, white or light pink-flowered varieties.
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In tlio third and fourth genorations from the cross it appears

commonly among the progeny of light pink and crimson parents,

and in two cases from white-flowered parent plants, and in one

case from a pink-flowered parent. It is probable tliat these

three cases should bo regarded as exceptional, and it is possible

that one or two may arise from erroneous observations. When
self-fertilized it commonly breeds true, or it may yield light

pink or white progeny. In one case it yields one crimson-

flowered plant. There have been several cases where such plants

have appeared most unexpectedly from parent plants of lighter-

colored flowers, a thing that we are unable to explain unless they

be regarded as mutants.

Light pink flowers appear in all crosses of Table 5, except the

one with Davis, and pink fl.owers in all of them.

A study of the ratios of these several blossom colors leads only

to confusion. It is probable that the theoretical ratios differ

in the diiferent crosses, and, as in many other cases, are corre^

lated with the seed-coat pigmentation.

Table 6 gives the results of crossing piidc and light pink-

flowered varieties. Only the parent types appear, as a rule;

the pink is uniformly dominant, and the proportions, while

departing considerably in some cases from the expected ratio

of 3:1, are perhaps not further than might be expected.
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There are, however, a few irregularities. One is the appear-

ance in F3 and F4 of pink-flowered plants from light pink

parents, and another is the appearance of white-flowered plants

in the cross of Cnrrie X Mohawk. The single white-flowered

plant in F2 was covered with a mnslin bag for self-fertilizing

which may have suppressed the color, but the 21 whites from a

light pink parent cannot be thus accounted for ; they bred true

in the succeeding generations so far as flower color was con-

cerned.
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The crosses of Blue Pod l^utter, the crimson-flowered va-

rieties given in Table 7, have been already discnsscd in con-

nection with Table 5. Only one white-flowered plant a])peared

among those crosses, and that was in the F;} generation of Blue

Pod Butter X Burpee Stringless. No reason for its appearance

can be assigned.

Table 8 gives the results of crossing Bine Pod Butter with

pink-flowered black-seeded sorts. As already stated none of the

waxy-pink flowers appear among these crosses. White flowers

appear among the progeny of the crosses of Blue Pod Butter X
German Black Wax, but not in the reciprocal cross, also in the

cross of Currie and Blue Pod Butter. Light pink flowers ap-

pear rarely, and they may be extreme variants of pink flowers

in which the color has been partially suppressed by environ-

mental conditions.
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It is the usual expectation that when two white-flowered

varieties are crossed only white flowers should result. Table 9

shows that iu l)cans this is bj no means true. It comprises all

such crosses save one, Wardwell X Golden-eyed Wax, which

has been bred for three generations from the cross, yielding

about 100 plants, with none but Avhite flowxTs appearing. All

the rest of such crosses have yielded colored flowers in each

generation bred. All these crosses involve varieties one or both

of which bear pigmented seeds, these adding further evidence

that blossom color is governed largely by the pigmentation of

the seed coat.
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The following crosses of two light pink flowered varieties

gave only light pink flowered plants in the progeny.

Golden Carmine X Mohawk.

Mohawk X Golden Carmine.

Burpee Slriiigiess X Giant Stringless.

Mohawk X Burpee Stringless.

Giant Stringless X Mohawk.
Mohawk X Giant Stringless.

One cross of Warren X Bnrpee Stringless gave, in F2, 6 light

pink, 3 pink, 13 crimson and 2 waxv pink, the Fi plants being

light pink. It shonld be said that while both of these varieties

are classed as light pink they are not identical in the appearance

of the blossom color. Only one cross of pink-flowered varieties

has been "made, — Challenge Black Wax X Prolific Black Wax.

All the resnlting plants have borne only pink flowers.

In this paper we have attempted little more than setting forth

some of the facts concerning the inheritance of blossom color

that have appeared in the work of the past five years. Beyond

doubt the interpretation of these resnlts is to be made through

an analysis of the records of the inheritance of seed-coat color.

It is hoped that this work may be accomplished, including

another season's observation, in time for presentation in the

next annual report of the experiment station.
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DEPARTMENT OF VETERINARY SCIENCE.

REPORT OF THE VETERINARIAN.

JAS. B. PAIGE, D.V.S.

During the past year the policies of former years in dealing

with the work in this department have been adhered to. The

personnel of the department is the same as last year. "With the

addition of Dr. G. E. Gage to the working force it has seemed

possible to devote more time to investigation problems than in

former years, when one man had to attend to the entire work

of the department of both college and experiment station.

Owing to the demands of a larger nnmber of students in some of

the classes, and an increase in the amount of instruction given,

it has been found that much of the time of an additional assist-

ant has been utilized, not for investigational work as had been

expected, but for teaching.

If the veterinary department of the exjx'riment station is to

render such service to the stock owners of the State as they

are justly entitled to, it is imperative that a competent patholo-

gist, who shall devote practically all his time to investigational

problems, be added to the staff of the department at the earliest

jwssible date.

There are munerous important problems that call for imme-

diate and thorough study. Some of tliese studies promise the

most flattering results from a practical and economic standpoint

in the prevention, cure or eradication of animal diseases.

During the year there has been the usual amount of corre-

spondence with farmers from all parts of the State relative to

the existence and treatment of disease of farm animals. This

correspondence is fruitful of the best results in mauy instances.

It is often possible, from the information received from a stock
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owucr by letter, to diagnose the disease of liis animal and to

advise a line of treatment that will lead to a cure of it. At

other times, additional information may be requested or a speci-

men asked for, which, received and examined, enables us to

arrive at a correct diagnosis upon which a successful course of

treatment for the individual animal or for an entire herd is

based.

The diagnosis work that is carried on each year is gradually

increasing. It is closely correlated with the correspondence

mentioned above. Frequently specimens are sent by farmers

direct to the department, with a request that an examination

be made, and a report as to the nature of the disease, its cause,

prevention or cure returned. At times material from sick or

dead animals is sent upon request of the department when a

positive diagnosis cannot be made from information obtained by

letter from the owner of the animal. Since Jan. 1, 1912, ap-

proximately 100 specimens have been received, examined and

information returned to the senders of them with advice as to

course of treatment to be followed in dealing with the several

diseases. This diagnosis work is not only beneficial to the

farmers, enabling them in many instances to avail themselves

of the services of the station veterinarian, but it is of value to

the department, as it provides a means by which we are kept in

touch with the various ailments of farm animals throughout the

State. In addition, the material received from different sec-

tions of the State furnishes, at times, valuable material for

demonstrations with the students taking the courses in veteri-

nary science and pathology.

It frequently happens that valuable material for study is re-

ceived from stock owners. Through specimens that have been

received we have on several occasions been able to diagnose the

existence of animal diseases in ^Massachusetts that were not sup-

posed to exist here, and also we have found disease not previ-

ously described. As good examples of these may be mentioned

verminous bronchitis of sheep and a peculiar paralytic disease

of fowls.

Among some of the more interesting specimens that have

come to the department during the year may be mentioned ver-

minous bronchitis of sheep; necrotic stomatitis of calf; trau-
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matic pericarditis of steer; purulent endometritis and nterine

torsion of cow; cliolera and deniodectic scabies of the pig; trau-

matic peritonitis, due to perforation of gizzard of fowl with wire

nail ; variola ; fatty infiltration of liver of fowl ; and bacillary

white diarrha'a of chicks. Several samples of milk, contami-

nated with special species of bacteria causing such abnormal

conditions as " curdled," " bitter " and " gassy " milk, have been

received and examined, and advice given as to how the trouble

could best be eliminated and prevented.

Whenever the seriousness and nature of an outbreak of dis-

ease seems to warrant it a visit is made to the farm where the

trouble makes its a]:)pearancc, for the purpose of making a crit-

ical study of conditions under which the disease of the animals

has developed and exists. In such cases, in order not to en-

croach upon the field and practice of the local veterinarian,

provided there is one in the locality, the visit is usually made in

company wnth the local practitioner.

Another field in which the department has been able to render

some service to the stockmen of the State has been in the exam-

ination of stables and advising with reference to the improve-

ment of sanitary conditions. This has not only been done with

stables already constructed, but also, in some instances, plans

of proposed stables have been submitted for examination and

suggestions.

As already mentioned, the department has not been able to

carry on as much original investigation as it desired on account

of the amount of teaching that it has been necessary to do. This

has been due, in part, to the fact that we have taught through-

out the year the courses in bacteriology that eventually will be

taken over into the new department of microbiology, created by

trustee vote last year, and to which Dr. C. E. Marshall was

elected the head. When we are relieved of this line of teaching

it is hoped tliat more time can be givim to investigation ])rob-

lems. It will not, however, completely remedy the difRcully, as

courses in pathology will be introduced into the curriculum

that wnll bo carried by this department. While these will not

be as time-consuming as the work in bacteriology, they will in-

terfere sufficiently Avith the class of investigational work that

is demanded to warrant the emploAnnent of a pathologist on the
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cxi)oriiiient station stall' who shall be able to devote practically

his entii-e time to the study of patiiological problems that arc

pressing for solution.

As mentioned in the re])ort of last year, there is an unusual

amount of hog cholera in the State as compared with former

years. It is assuming alarming proportions, more especially

in herds fed upon " city " swill or garbage. Its cause in these

herds is to be attributed to an infection following the ingestion

of uncooked pork scrap, from sources where cholera exists, that

finds its way into the swill barrel of the hotel, boarding house

or private house, and finally to the trough of the hogs. Once an

animal of the herd becomes affected it spreads contagion rap-

idly to healthy animals with which it is kept.

The department, in co-operation with Mr. Fred F. Walker,

Com'missioner of the Department of Animal Industry, imder

whose jurisdiction all contagious animal diseases come, has un-

dertaken some investigations to determine more accurate

methods for the diagnosis of cholera in the hog, and its cure

and control by the use of anti-hog cholera serum.

In December last, in company with Mr. Walker, I attended

the meeting of the State live stock sanitary boards at Chicago,

where means and methods for the preparation of serum and the

control of the disease vv'ere fully discussed by the highest author-

ities in the country. Since then serum has been used upon sev-

eral lots of hogs, in which cholera was known to exist, to deter-

mine its value as a curative and preventive agent. The herds

are located in the middle part of the State so as to permit of

occasional inspection without the sacrifice of too much time.

While the work upon hog cholera has not progressed suffi-

ciently to warrant a full report at this time, I feel justified in

predicting that by the use of properly prepared serum, under

certain conditions, we shall be able to greatly lessen the annual

loss to the swine owners from this disease, and in the end suc-

ceed in protecting against its ravages to the extent that it may
be made one of the most profitable branches of animal industry

in the Commonwealth.

Already steps have been taken to prepare, in an experimental

way, small quantities of anti-hog cholera serum in the depart-

ment. If the results of the experiment seem to warrant it, it
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is possible that in the near future the experiment station may

he justified in i)reparing the serum on a sufficiently large scale

to enable it to be distributed at a slight cost, sufficient to pay

the actual cost of production, to the hog owners of the State.

Should this be done it would be necessary to co-operate with the

Department of Animal Industry.

Some years ago, working with the Chief of the Cattle Bureau,

of the State Board of Agriculture, the department organized

the work for the prevention of black leg in cattle by the use

of vaccine, obtained from the Bureau of Animal Industry of

the Federal Department of Agriculture. The supervision of

the work is still in the veterinary department, in a general way,

but no time is given to the actual vaccination of animals about

the State, this being done by the special agent of the present

Department of Animal Industry.

Although Dr. George E. Gage, assistant professor of animal

pathology of the veterinary department, receives no compensa-

tion from the experiment station, he has devoted as much time

as his teaching duties would permit to the investigation of sev-

eral important avian diseases, among which is one that appears,

from the work already done, never to have been described

before. The study of this obscure and interesting disease is

being carried along as rapidly as possible under existing con-

ditions, and it is hoped that at a later date the details of the

investigation will be brought out in bulletin form.
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REPORT OF CRANBERRY SUBSTATION
FOR 1912.

H. J. FRANKLIN.

The experiments conducted and observations made during

the year may be discussed under the eight following heads:

weather observations, frost protection, fungous diseases, varie-

ties, blossom pollination, fertilizers, insects and miscellaneous.

1. Weatiiee Observations.

The season's observations began late in April, the Weather

Bureau having at this time installed the following instruments

at the station bog: elevated instrument shelter, thermograph,

barograph, hygrograph, triple register (for sunshine, wind di-

rection and wind velocity) with battery and wiring, weather

vane, anemometer, rain gauge, psychrometer, two maximum
and four minimum thermometers and a sunshine recorder.

With these instruments the first really thorough and serious

year's work in investigating Cape Cod frost conditions, in their

relations to cranberry culture, was carried out. An unusually

large number of frosty nights during the first part of the sea-

son, especiallj' in June, favored this investigation, and as a

result much valuable information was accumulated. It now
seems that it may in time be possible to forecast frosts with

gratifying accuracy. The Southern Massachusetts Telephone

Company has considerably improved its distribution of the frost

warnings sent out from Boston b}' the district forecaster of the

Weather Bureau. In addition to these warnings the substation

has undertaken to make special early evening forecasts for the

benefit of any who may wish to telephone in for them on doubt-

ful nights. It is not expected that the growers will place full

reliance on these forecasts at present, but it is hoped that they
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may be of assistance in case of doubt, and that they may in time

become fully reliable. However, there is so much at stake when

a bog promises a good crop that it will probably be best for the

growers to provide themselves with the necessary instruments

and learn to make their own forecasts, because there is such a

variety of conditions in different parts of the Cape.

The season's records seem to show that the early evening dew

point, which has been shown to be of no value as an indicator of

the minimum night temperature in some parts of the country,

can be relied ui>on to a considerable extent in forecasting such

temperatures on the Cai>e. The records further seem to show

that the best indications that a frost may be expected on any

night during the usual period of frost danger are the fol-

lowing :
—

1. Low dew point (50° F. or below at substation shelter).

2. High (above 30) and rising barometer.

3. An all day's wind from a northerly, northeasterly or north-

.

westerly direction, dying out in the early evening.

4. A clear sky.

5. A low maximum day temperature.

6. A low and falling early evening temperature.

The readings of the maximum and minimum thermometers

and the amount of precipitation were telegraphed to the office of

the United States Weather Bureau at Boston every morning

after Aj)ril 25 during the spring and fall 2ieriods of frost

danger.

2. Fkost Peotection.

Because of the failure of a circulating pump, it -was impossi-

ble to carry out tests with the Skinner system, as had been

planned, during the spring frost period. Certain apparent

disadvantages connected with the use of this system for frost

])rotcction have been discovered. In the first place, the p-ump

and engine required for supplying water undcn- the necessary

pressure for a system covering several acres are more expensive

than at first supposed. The Skinner Irrigation Company states

that it is necessary to sjirinkle most crops with water every two

minutes during a frosty night in order to afT(^rd sufficient pro-

tection. It seems possible, however, that the injury caused

by frost may be prevented by sprinkling the frosted plants
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with water at al)(uit sunrise, and so drawin^i;' tlio fi-ost out

of tbeni gradually before tlie lieat of tlie sun strikes tliem.

Frost injury appears to be caused not by the freezing but by

too rapid withdrawal of the frost. If this is true, it may bo

possilde to Si^rinklc a cranberi'y bog with the Skinner system,

or some other similar system, a section at a time, and so provide

protection for the whole bog with an engine and pump only

large enough (o pump v/ater for one section. Experiments have

been j^lanned to test the practicability of this method.

Another drawback to the Skinner system is the clogging of the

nozzles. This gave much trouble in the small system installed

at the station bog, and market gardeners who have had long

experience with this system meet the same difficulty. Because

of this it is now planned to test another system, which has been

devised for the same purpose, with rotating nozzles set far

apart and large enough to allow small particles in the water to

pass through them instead of clogging.

Two extensive tests with 65 3-gallon Hamilton orchard

heaters were carried out in the late fall and early winter. These

tests showed that it is possible to raise the temperature suffi-

ciently to protect from frost by m.eans of these heaters, but the

expense connected with their nse seems to be so great that this

method of protection cannot be coiisidered practicable with fuel

oil at the present price. The heaters were loaned to the sub-

station by the Hamilton Orchard Heater Company, through

the courtesy of its local agent, Mr. Chester D. Holmes of Plym-

outh, Mass.

3. Fungous Diseases.

As in previous years, this work was carried on in co-operation

with the Bureau of Plant Industry of the United States De-

partment of Agriculture. Dr. C^ L. Shear of that Bureau has

done much laboratory work and has had general supervision

of the spraying experiments, having kept in touch with the

work on the bogs by several trips to the Cape. Co-operative

spraying tests were carried on by several growers. The five

plots, each four rods sqnare, which were sprayed in the season

of 1011, as reported in the last annual report of the station,

were sprayed again in 1912 on dates and with fungicides as

follows :
—
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Table I.

Fungicide.
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treatment of the two Howe plots was that Plot A was sprayed

three times during 1911, while Plot C, as well as the other

plots, was sjDrayed only twice.

Where two checks were laid out for the same plot (as noted

in the above table) they were in every case located on opposite

sides of the sprayed area. The berries were all picked with

scoops. It should be borne in mind that the increases recorded

above were obtained in spite of considerable mechanical injury

done in the process of spraying. The spraying was done with

a 30-gallon wheeled-barrel outfit, and the injury was much

greater than it would have been had a power outfit been used,

it being serious enough to be plainly noticeable on the vines, on

parts of the plots, at picking time.

It should be noted here that the fungus plots showed no in-

crease in quantity of fruit over their cheeks last year, and tliis

may perhaps be taken to indicate that the effects of annual

spraying are cumulative.

The increase in quantity of fruit on the McFarlin plot was

accompanied by a much more light-colored and sickly appear-

ance to the foliage than was shown by the vines of the check

plot. The contrast between the sprayed and unspraye<l vines in

this respect was noticeable by the 1st of September, and very

marked after the crop was picked, being plainly evident to the

eye from a long distance. A redder and more sickly color was

also distinctly evident on the two Early Black plots as compared

with the surrounding unsprayed vines, but the contrast was not

nearly so great as with the McFarlin plot. ISTo such difference

was apparent on the Howe vines, possibly because it was hidden

by the naturally very dark color of their foliage. The McFarlin

and Early Black vines seemed to show that there was not suffi-

cient available plant food present to maintain a strong vine

condition and at the same time develop the extra amount of

fruit which the reduction of fungous diseases by the spraying

had made possible. Possibly the effects of fungus spraying are

often limited by such a lack, and combination experiments with

fungus spraying and fertilizers have been planned to determine

this point.

When the fruit was gathered no distinct difference in color

between the berries from the sprayed plots and their checks
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was observed. The berries from Plots A and C were somewhat

larger than those from their checks, as shown by the following

averages of connts of berries of 6 cnpfiil samples (Xew Eng-

land Cranberry Sales Company's inspector's cnp) from each

plot and its check, the samples being in each case taken as

evenly as possible from the various boxes :
—

f Average of first 6 samples,

[ Average of second 6 samples,

n V A I
Average of first 6 samples,

I
Average of second 6 samples,

f Average of first 6 samples,

I Average of second 6 samples,

r Average of first 6 samples,

[ Average of second 6 samples,

Plot A.

Plot C.

Check C.

The berries from the IMcFarlin plot showed pi

difference in size from those of the check, as is cvid

following averages of 6 samples taken in the same way: —

Number of
Berries.

100

105

110

104

104
108i

112

111

actically no

nt from the

p, , -n f Average of first 6 samples,

\ Average of second 6 samples, .

p, 1. Tj I
Average of first 6 samples,

\ Average of second 6 samples, .

Number of
Berries.

. 67

. 72

. 68

71

Of the Early Black plots, Plot D and its check showed prac-

tically no difference in the sizes of their berries, as is shown by

the following averages of counts of 6 samples :
—

Plot
-p. f Average of first 6 samples,

[ Average of second 6 samples.

Check D.
Average of first 6 samples,

Average of second 6 samples.

Number of
Berries.

. 110

. 109

. Ill

. 109

The berries from Plot E were distinctly smaller than those

from its checks, as is shown by the following average;? :
—

Plot
-p f Average of first 6 samples,

\ Average of second 6 samples,

Chpck F i
^"^'crage of first 6 samples,

*

\ Average of second 6 samples.

Number of
Berries.

. 120

. 123

. 113

. 109



1913.1 PUBLIC DOCOIENT— No. 31. 215

It should l^e noted here that the time of picking, apparently,

had souu>thiug to do with the relative size of the berries from

these plots and their checks, for Plot E, picked on September

7, produced smaller berries than its checks, and Plots B and

D, picked on September 12, produced berries of the same size as

their checks, while Plots A and C, picked on September 19,

produced larger berries than their checks, a gradation according

to dates, irrespective of variety, thus being evident. This was

perhaps caused by a retardation in the development of the fruit

on the sprayed vines, due to the heavier crop which they were

producing.

The keeping qualities of the berries from these plots and their

checks were tested, with the results shown in the following

table :
—

Table III.

Plot.
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It will be noted that Table III. shows a mnch greater im-

provement of keeping quality, due to the spraying, with the

Howe berries (A and C) than with either the Early Blacks

(D and E) or the McFarlins (B). This and the distinctly

greater increase in quantity of fruit on the Howe plots indicate

the presence of a special diseased condition, affecting that va-

riety, which was either much less in amount or absent altogether

on the McFarlins and Early Blacks. While there was much

more hypertrophy ("false blossom") on the Howe vines dur-

ing the first part of the summer than on the vines of the other

varieties, it does not appear that this was the cause of the dif-

ference in the results obtained from spraying, for it has not

been shown that spraying affects this disease. The difference

seems to have been due to the presence of a hitherto unknown

disease (as Dr. Shear has determined) which, for convenience,

we will tentatively call the " blossom end rot." This disease

was the most evident cause of decay among the Howe berries

from the station bog in the fall of 1911 and also of 1912. It

was only occasionally found, however, on the berries of the other

varieties. Its characteristic effect on the fruit is to cause it to

rot, beginning at the blossom end and working gradually toward

the stem end, the berry becoming soft but remaining plump and

watery, as the decay progresses. In an early stage of this rot-

ting a characteristic, yellowish bro^^^l discoloration appears at

or near the blossom end of the berry and remains there without

much extension until the whole berry becomes soft. That the

presence of this disease was the cause of the difference in the re-

sults obtained by spraying is shown by the following averages

of counts of decayed berries in samples taken at random from

the boxes of the storage tests ( 6 samples examined for each aver-

age), classified according to the apparent primary causes of the

decay :
—
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Table IV.

[Those examinations and counts were made on November 12.)
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Effect of Tiesanding on Prevalence of Fungous Disease,

A part of the station bog was resanded in 1911, and most of

the remainder in the spring of 1912, with abont half an inch of

sand. Two Early Black jDlots (O and V) of 9 sqnare rods each

were left unsanded as an experiment, O being located on a

])ortion of the bog sanded in the fall and V on a part sanded in

the spring. Checks were laid ont on three sides of each of these

plots, and in both cases the}' averaged a distinctly smaller qnan-

titj of frnit per sqnare rod in the 1912 crop than did the plots

themselves. This difference was perhaps caused by the injury

done to the vines in the process of sanding. The keeping quali-

ties of the berries from these plots and their checks were tested

with the results given in the following table :
—

Table VI.

Plot.
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Strange to say, the enclosed area bore alwiit lialf as large a crop,

per rod, as the surrounding Ixig. This result appears to contra-

dict partially the results obtained in 1911, and for this reason

it is planned to repeat the exjx^rimcnt again in 1913. A few

small, solitary bees, or even honey bees or bumblebees, may
have worked their way through the netting without being ob-

served and visited a part of the blossoms.

The plot from which lx?es were excluded in 1911 has in all

other respects always been treated like the surrounding bog. It

is therefore of sjX3cial interest to note that in 1912 this plot bore

over twice as large a crop per square rod as the average of the

rest of the bog, and a considerably larger one than any other

equal area on the bog, the fertilizer and fungns plots included.

In 1911 this area bore a very light crop in comparison with

the rest of the bog. This seems to show that the after effects

of light or heavy cropping often appear the following season.

It is very desirable to determine to what extent this is true,

for if it can be established that such effects generally do appear

in the crop of the succeeding season, it must have a strong bear-

ing on the management of cranberry bogs in more than one

respect. If these effects are carried over, the apparent im-

portance of keeping bees to insure good blossom fertilization is,

in general, much reduced, for what a bog fails to produce in

years of bee scarcity, on account of poor fertilization, it will

tend to make up in years of bee abundance.

The keeping quality of the berries from this 1911 plot was

tested, in comparison with the berries from some of the fer-

tilizer plots. The results of the test were as follows :
—
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These fertilizer plots were located near the bee plot and arc

here arranged in their order of proximity to that plot, 22 being

the nearest and 2 the farthest away. Plot 22 is separated from

the bee plot by not more than its o\\ai width, and 2 is not more

than 8 rods away. Plots 1, 21 and 22 are all check fertilizer

plots, and have been treated in all respects like the surronnding

bog. The results indicate that the bee plot berries for some

reason were much better keepers than were the berries of the

surronnding bog.

The average counts of decayed berries in several samples

taken from each of these plots give evidence of the general

accuracy of the results shown in the above table. They were

as follows :
—
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areas are peculiar to berries of the Early Black variety, be-

ing only occasionally found on Howes and McFarlins. Counts

of berries having such areas in samples taken from different

plots and varieties are given in the following table, as knowl-

edge concerning this may have value: —

Table X.

Plot.
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caused by finigons disease. In tlie ojiiiiion of the writer it was

caused (as is the russetiiig- of apples) by tlie dei^osition of

corky tissue in the skin of the fruit. Dr. Shear, in examining

berries with these rough areas, found no fungus in connection

with them. The difference, shown in Table X., between Plots

D and E was probably due to the diifcrence in the time of pick-

ing the berries.

These rough areas are usually more abundant among berries

grown on '' hard bottom " than among those grown on peat.

Berries grown on " hard bottom " are usually, other conditions

being the same, better keepers. This well-known fact, together

with the experience with the berries from the bee plot hero

noted, suggests that the roughening of the fruit here discussed

may be relied upon to some extent as an indicator of the keep-

ing quality of Early Black berries. The fruit of the Late

Howe variety is sometimes streaked with irregular, vein-like,

red lines during ripening, and these lines appear to be of the

same nature as the rough areas on the Early Black fruit, for

they are most prevalent, as a rule, on berries grown on " hard

bottom," and occasionally rough areas are associated with them,

the roughness being superficial while the red veining is deeper

within the tissues.

G. Eeetiltzees.

The Waquoit experiments were not continued, though the

plots w'ere examined just before harvesting and were found

without exception to have produced a very light crop. There

was apparently no evidence of any cropping effect from the fer-

tilizers used in the preceding seasons.

The plots on the station bog at East Wareham w-ere fertil-

ized again, with the results showm in Table XL The fertilizers

were applied on June 25 and 2G. The lu^rries were all picked

with scoops on September 11 and 12. They appeared so uni-

form in color and so alike in most other respects that no

records were made, except those concerning their quantity, size

and keeping quality. Storage tests were carried out with ber-

ries from all the plots, beginning October 1 1 and ending De-

cember 13 to 17, the results of which gave no evidence that any

of the fertilizers, except perhaps the acid phosphate, had af-



224 EXPERDIENT STATION. [Jan.

fected the keeping quality in any way whatever. There seemed

to be somewhat less loss, as a rule, among the berries from the

plots treated with phosphate (alone or in combination) than

among those from the plots on either side of those so treated.

The results in this connection, however, were not very positive.

Table XL

Plot.
Fertilizer

used.

Quantity of
Fruit

obtained
(Boxes).

Size
of Berries;
Average

Number in J

Samples.

1,

2,

3,

4,

6,

6,

7,

8,

9,

10,

11.

12,

13,

14,

15,

16,

17,

18,

19.

20,

21,

22,

23,

N

P

K

NP

NK
PK

NPK

NPKL

NPKcI

Ni U2 PK

N2 PK

NKPi 1/,

NKPo

NPKi trj

NPKa

m

2

m
m

2H

2H

i

3>^

3%

2>^

456

3Vo

4

4K

3

2

109

108

105H

112

105%^

108H

102

106}^

110

104

105Ji

99

108>^

105

102H

103"^

WGM

W2

\om

103H

105,4

lOG

106

Plots 1, 5, 0, 13, lY, 21, 22 and 23 are all untreated check

plots. The meanings of the fertilizer symbols used are as

follows :
—

N means 100 {joimtls nitrate of soda per acre.

P means 400 pounds acid phosjihate per aere.

K means 200 pounds high-grade sulfate of potash per acre.
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L means 1 ton of lime (slaked) per acre.

KCl means 200 pounds muriate of potash per acre.

Ni 1/2 means 150 jiounds nitrate of soda per acre.

N2 means 200 pounds nitrate of soda per acre.

In combinations tlioj mean, for example, as follows : N2PK
= 200 pounds of nitrate of soda + 400 pounds of acid phos-

phate + 200 pounds of high-grade sulfate of potash per acre.

The nitrate of soda evidently had a marked effect in increas-

ing the quantity of fruit. As is shown by the figures in column

four of Table XI. (the average sizes of the berries were inversely

proportional to these figures), the variation in size between the

berries from the different plots was not very great. The in-

creases in quantity were evidently due for the most part to an

increase in the number of the berries, the increase in their size

being a minor factor. The potash caused no increase in fruit

and the phosphate but very little. If the lime had any effect, it

was detrimental. The boxes used in measuring this fruit were

bushel boxes. The area of each of these plots is 8 square rods.

While the vines showed more growth on the plots to which

the nitrate was applied than on the rest of the bog, this growth

was not more than is desirable. There seem to be indications

that the degree of drainage during the growing season has an

influence on the action of nitrogenous fertilizers in their effects

on fruit production and vine growth.

Y. Insects.

The total cranberry insect injury of 1912 was greater than

is usual on Cape Cod. The damage done by the fruit worm
was more than in any season for four or five years before. The

blackhead cranberry worm (fireworm) did greater and more

general injury than in any season before for many years. The

span worm caused serious injury for the first time in several

years, destroying the crop and all the foliage on the greater

part of the Old Colony bog at Yarmouth. The scale insect

(Aspidiotus oxycoccus Woglum), discussed in last year's report

as having done serious injury on a bog in Yarmouth, disap-

peared almost entirely, having been destroyed, apparently, by

the winter flowage. It now seems evident that winter flowage
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is sufficiently detrimental to this pest to control it entirely, with-

out any other treatment, if it is applied regularly every year

and is held until May. The insect got its foothold on the Yar-

mouth bog in a season following a winter during which the

bog was not flowed.

By correspondence the writer learned of serious injury on

some Long Island bogs due, apparently, to the work of spittle

insects, though it seems probable that other causes may have

been contributory. The experience of the managers of these

bogs indicates that complete reflowing for a day or two, when

these insects are at work, will drive them out satisfactorily, and

also that contact poisons may be used against them with con-

siderable success where water for flowage is not available.

That the gypsy moth was abundant on bogs in places, espe-

cially in North Carver, was shown by the specimens sent in for

deteilnination.

The experimental insect work was confined mostly to the fruit

worm and the blackhead cranberry worm (fireworm), though

observations on the girdler (" root worm ") were also made.

Tlie Fruit ^Yorm (MineoJa vaccinU (Riley)).

Investigations concerning the effect of weather conditions at

different seasons on fruit worm abundance were started, and

the results of this work indicate the possibility of forecasting

seasons in which great injury may be expected from this insect.

Late holding of the winter flowage is the surest method of

controlling this insect so far known. The year's observations

indicate that it is probably best to hold this flowage late (until

May 25) every other year instead of every third or fourth year,

as has been heretofore recommended. This is certainly true,

if the effects of light and heavy cropping are generally carried

over from one seasou into the next, as indicated by the results

obtained on the 1011 bee experiment plot, for the reduction in

the crop of one season, caused by the late holding of the water,

will be largely made up the following year. This treatment

is sure to greatly reduce the fruit-worm injury for the years of

early withdrawal as well as for the years of late holding.

Moreover, it seems probable that much of the fruit reduction,

caused by ordinary late holding of the winter flowage, is really
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due to increased fungous injury, which might be largely pre-

vented by proper spraying.

Early putting on of the winter flowage docs not appear to

affect the fruit worm much. A 10-acre bog, which lost most

of its crop by this insect in 1911, was flowed for the winter

on October 5, and the flowage was not let off until May 8. Even

after this long flooding the fruit worms destroyed about 50 per

cent, of what would otherwise have been a good crop.

Spraying, as a fruit-worm remedy, is still of doubtful practi-

cability and probably always will be. The need of such a

treatment, however, is not very great, for, as already stated, this

insect can be treated wnth water where winter flowage is avail-

able, and the total acreage of bearing bog v/hich cannot be win-

ter-flowed at a reasonable expense is a very small percentage

of the total bog area of the Cape. Moreover, most bogs which

cannot be winter-flowed at a reasonable pumping expense are

not and never were good business propositions for various rea-

sons, and should never have been built in the first place. How-

ever, as there are a few such bogs which will pay a mod-

erate return if the fruit w^orm is kept within bounds, it seems

desirable if possible to find some treatment other than winter

flowage for this insect.

A patch of 9 square rods on a dry bog badly infested with this

insect was resanded on ]\lay 23 to a depth of 1 inch, the up-

rights lieing raked up through the sand when covered by it.

It was thought that such sanding, while the insect w^as dormant

in its winter cocoon, might smother it, as it does the girdler, so

that the millers would not emerge during the following summer

to lay eggs for another brood of worms. The sanded area was

surrounded with a mosquito netting fence 8 feet high to keep

the moths from the surrounding bog from coming onto it ; but it

was not closed in at the top, as it was necessary to give bees

free access to the blossoms inside, and the moths, which appar-

ently never fly up more than 5 or G feet from the ground, would

probably not get in over the fence. Unfortunately, the new

growth had started considerably when the sanding was done and,

on this account, the injury to the buds was very severe, more

than three-fourths of them being destroyed. Earlier sanding

would have caused less injury. This experiment was only par-
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tially successful, as numerous fruit worm millers were seen in-

side the netting during the season, and probably 40 per cent, of

the berries that developed on the sanded area were destroyed by

the worms. That a large percentage of the millers was smoth-

ered is shown by the fact that at picking time there were no-

ticeably more berries on the sanded area than on any equal

area of the surrounding bog, in spite of the great injury done

to the buds in the process of sanding. The amount of infesta-

tion on the bog where the sanding was done is shown in a gen-

eral way by the fact that on a large part of the bog tlie worms

destroyed all the berries after there had been a blossom and a

fruit setting which should have produced not less than GO bar-

rels to the acre. As it seems probable that this sanding will also

have some effect on next year's infestation, the experiment will

be continued the coming season.

As slrictly dry hogs are usmilly either unnier-hilled or badly

spring-frosted about every two or three years, it seems probable

that the best treatment for this insect on such bogs would be to

destroy the remnant of the crop in tlie years when the severe

injury from eiiJter frost or winter-kill occurs. This could prob-

ably be inost readily done by spraying the bloom with a 20 per

cent, solution of iron sulfate. The destruction of the bloom

would cut off tlie season's local food supply for the insect, and

it would naturally, for the most part, die off by starvation

as a result. In most cases, this destruction of the bloom, after

its severe reduction by adverse weather conditions, will not re-

sult in a loss to the grower, for, if the blossoms are left and the

crop remnant is allowed to develop normally, the fruit worms,

which without the interference of weather conditions would

have an ample food supply, will be compelled to concentrate

on the remnant, with the result that there will be little or

nothing left at picking time anyway.

During the season following one in which a bog's infestation

is starved out in this way, practically the only infestation pres-

ent Avill be that which comes in from the upland, and that

will probably not be very serious in most cases.

Another probable benefit from this method of treatment is

that coming from not tearing up the vines in picking what

little fruit might be left after the worms got through if the
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remnant of the bloom was not destroyed. Probably more is

lost, as a rule, through injury done to the vines, in harvesting

a very light crop, than is gained by saving and marketing the

terries.

Work on fruit-worm parasites was continued, but without

any definite results of general value.

The Flowed Bog Fireivorm {Rhopohota vacciniana (Pack.)).

This insect is also known as the blackhead cranberry worm,

but it will probably be more readily and generally recognized

by the more distinctive name here used. It does little or no

damage on bogs that are not winter-flowed. As indicated in

the 1911 report, the killing or driving ashore of the natural

enemies of this insect by the flowage is probably the main cause

of serious infestation by it. In support of the evidence given

in that report, the results of this season's collecting of bog in-

sects seem rather convincing. Collections were made on sev-

eral winter-flowed bogs of great difference in area, at different

lengths of time after flooding and at different distances from

the uplands, for comparison. Each collection consisted of the

material gathered by 100 sweeps of a collector's net through

the vines. Three separate collections were made on each day

of collecting at each location selected for comparison, to make

sure that the collections were truly representative of the insect

life present. Comparisons between the different locations were

made by separating out the parasitic and predacious forms,

classifying them, counting the individuals of each class in each

collection separately, and comparing the counts. The most re-

markable fact learned from this was that, of all forms capable

of damaging the fireworm, spiders were in all cases considerably

the most numerous. Moreover, only the spiders gave really

striking differences in the counts of the different collections

made. The comparisons showed that the dry bog had very many

more spiders and also a somewhat larger number of parasitic

insects than did any of the winter-flowed bogs, even as late in

the season as August 20, when the last collecting was done. A
bog of 160 acres of rounded shape gave a distinctly smaller

count of spiders, on all parts examined twenty-seven days after

the flowage was taken off, than did a bog of 12 acres of similar
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shape on its very central portion sixty-eight days after the

removal of the flowage. The distance from the center of the

12-acrc bog to the upland at the nearest point is abont 250 feet,

as roughly measured by pacing. The 160-acrc bog, in the mate-

rial collected twenty-seven days after the flowage was taken off,

gave distinctly larger counts and showed a greater variety of

spiders near the upland than at the center. At the same time

some kinds of parasitic insects were collected near the ui)land

which seemed to bo entirely absent at the middle of the bog.

The distance from the center of this bog to the upland at the

nearest point is about 750 feet, as measured by pacing.

While it is evident, therefore, that winter flowage seriously

reduces the work of the natural enemies of the fircworm, espe-

cially on the large bogs, it must be remembered that in spite

of this handicap they succeed in doing a great deal toward con-

trolling this insect on all bogs and that, in the first beginnings

of the most damaging infestation, only a few stragglers here and

there succeed in escaping them. The escape of these stragglers

is, however, a serious matter, for they increase the amount of in-

festation Avhich these natural enemies must take care of the fol-

lowing season (a slight infestation probably coming onto the bog

from the upland every year) if they succeed in keeping the pest

under control. As the winter flowage comes in and sweeps

away these natural enemies again, they cannot increase on the

bog to meet the increase in the number of fireworms. The fire-

worms, therefore, tend to increase in number, while the number

of their enemies tends to remain constant from season to sea-

son on account of the flowage interference (the bog is here con-

sidered as being winter-flowed, but not reflowed at a time to

reduee the fireworms). When once the infestation has devel-

oped beyond the ability of the natural enemies of the insect to

control it, its increase is very rapid unless artificial aids to

these enemies are provided by man. Theoretically, the escape

of 2 straggler fire^vorms one year may mean the escape of per-

haps 50 the next year, and of perhaps 1,200 the third year, and

of 30,000 the fourth year, and so on.

The point toward which we have been working in this discus-

sion is this: prohahly the ideal time to spray for this insect with

arsenical poisons, especially on the large compact bogs and on
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bogs which cannot be reflowod in June after having been winter-

flowed, is not after an infcstaiion has fully developed and so

threatens vines and crop that something must he done at once,

hid is hefore tJie infestation starts. Cutting oil" the stragglers

by spraying at the proper time every year, whether the insect

appears to be present or not, will greatly retard the development

of an infestation, if it does not completely stop it. Spraying

for the stragglers need not be as effective as it wonld have to be

under conditions of bad infestation, because the natural ene-

mies of the fireworm will take care of most, if not all, of the

worms which escape the poison. Unless the work of spraying

for a heavy infestation is extraordinarily thorough and effective,

there will be left, at best, a far greater number of unharmed

worms than their natural enemies can begin to cope with.

Some will probably object to this method of treatment on the

ground of expense. This, however, does not seem to be a valid

objection v.-hen we consider that the prevention of the loss of a

single average croj) will make up for the expense of four good

sprayings each year for a period of ten years. Then, too, as our

spraying experiments, discussed in this report, have shown,

most bogs should probably be sprayed several times each year to

control fungous diseases. The fireworm spraying may be done

at the same time, by using an excess of lime in making the Bor-

deaux mixture and adding a pound of Paris green to every 50

gallons, at an additional annual expense of perhaps $3.50 per

acre.

While the prevention of infestation by this insect is impor-

tant, it is necessary to consider how a fully developed infesta-

tion may be most easily cleaned out. As indicated in last year's

report, the most serious obstacle usually encountered in ridding

a bog of a bad infestation is the length of the hatching period,

especially of the eggs that produce the first brood. This period

seems to be much prolonged on bogs with thick vines, probably

because the vines so shade the eggs on the lower leaves that

their development is much slower than that of the eggs which,

placed on the tops of the vines, are more exposed to the sun.

In extreme cases, which are not uncommon, the hatching period

is so much prolonged that there seems to be no time during the

vear when ecgs of either the first or the second brood are not
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present in considerable numbers. When this period is not too

much pr(.)longed, it is often possible, at least on small bogs, to

control a heavy infestation fairly well with either a single good

spraying or a single early June reflowing.

The most successful treatment with water, all conditions con-

sidered, which the writer knows of, was applied on one of the

large bogs during this season. The winter flowage was held

until the 2d of June, from which date the bog was without flow-

age or any special treatment until the 25th of the same month,

when it was completely reflowed for two days. Before this re-

flow the bog was heavily infested, but after it only a very few

fireworms were seen throughout the season. This bog is com-

pact in shape and covers about IGO acres. A considerable por-

tion of it is heavily vined, and the infestation was spread pretty

well over it. The most reasonable explanation of the success

of this treatment appears to be the following one :
—

In the water of the winter-flowage there was perhaps not so

great a diiference in temperature between the tops and the bot-

toms of the vines, especially where they were thick, as there

would have been had they been exposed to the air as well as to

the sun. Under these conditions all the fireworm eggs present

were perhaps influenced in their development much more equally

by the rising temperature of the spring days than they would

have been without the flowage. The eggs were probably thus

brought nearly to the hatching condition fairly well together,

and then the water was taken off so that in this condition they

were at once exposed to the hot Aveather of June, which naturally

hastened rapidly the remaining development of all of them. By
this means the hatching was so bunched up that when the bog

was reflowed twenty-three days after the Avintcr flowage was let

off practically all the eggs, on thick vines as well as on thin

ones, had hatched, and the insects were almost entirely in the

caterpillar (worm) stage, the stage in which they are most

readily drowned.

Possibly this method of treatment will not always prove as

successful as it did in this case, but the conditions attending

this trial were such that the results should probably be consid-

ered significant. This method should be tried further where

badly infested bogs can be reflowed in June. Moreover, if the
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reasons given above for the success of this treatment are cor-

rect, it seems probable that spraying for a heavy infestation of

this insect wonld be most successful if it were done after iirst

bunching the hatching of the eggs by holding the winter flowage

late. If the water is held late, the first spraying should be all

done within a week after the llowage is taken off.

There is little doubt that any bog can be freed from this

pest by treating it as a strictly dry bog for a few years (i.e.,

not flooding it at any time under any conditions), thus allowing

the natural enemies of the insect to accumulate against it, and

at the same time spraying at proper times with arsenical poi-

sons. The danger of loss from winter-kill and from fruit-worm

infestation is, however, considerable under such conditions and

must not be overlooked.

Small bogs can probably be rid of infestation by thorough

spraying without omitting winter flooding.

The season's observations indicate that spiders (of several

different species) and Tachina flies are the most numerous

and useful of the natural enemies of the fireworm. Spiders

attack and destroy the worms, and some of the jumping species

have been seen to leap into the air after the millers. The Tach-

ina flies lay the white eggs often seen on the worms, espe-

cially on and near their heads.

The Cranberry Girdler (Cranihus hortueUus (Hiibner)).

The season's observations on this insect sustain in every par-

ticular the conclusions concerning it reached in the past two

years. A serious infestation by this insect, at least on a bog

of small or medium size, is almost a certain sign of neglect. It

apparently never succeeds in getting a foothold on bogs which

are kept well sanded. Resanding every other year is usually

sufficient to prevent infestation by it. Badly infested bogs al-

most invariably have an accumulation of old leaves over the

sand under the vines, and usually the worst infestations are on

heavily vined bogs.

There are indications that the girdler is often favored by

man's flooding operations in the same way that the flowed bog

fireworm is favored,— i.e., by the destruction or driving ashore

of its natural enemies. Winter-flowed bogs which cannot be
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I'cflowed ai)pear to be more often seriously infested than do

strictly dry bogs. It seems probable that neglect invites infes-

tation by this insect because of the protection from its natural

enemies afforded by the aceumnlation of dead leaves and other

debris. Resanding covers up this material and probably com-

pels the girdler worms to work under more exposed conditions.

Eeflowing for a week or ten days right after picking is still

a standard remedy for this insect where sufficient water is

available.

8. MiSCELLAKEOUS.

In addition to the work already discussed, sanding and pick-

ing experiments have been started. In the former, the results

'of no resanding are being compared with those of resanding

every year, every other year and once in three years. In the

picking experiments hand picking is being compared with scoop

picking and early ]iicking with late picking, in their effects on

the vines and on crop production. These experiments must be

carried on for several years before very definite results from

them can be reported.

Experiments to detenuine the effects of different weather con-

ditions on the " setting " of the fruit were also started. A gen-

eral weather record was begun with the idea of ascertaining the

effects of different weather conditions at different seasons on

cranberry growth, fruit production, insect enemies and fungous

diseases.
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MASSA(]HUSETTS

AGRICULTURAL EXPERLA'IENT STATION

OF THE

MASSACHUSETTS AGRICULTUEAL COLLEGE

AMHERST, MASS.

TWENTY-FIFTH ANNUAL REPORT.

Part XL

SUMMARY OF LEADING CONCLUSIONS.

FRED W. MORSE, ACTING DIRECTOR.

During- the past eighteen years 371 varieties of potatoes have

been tested. In all eases the varieties have been tried two suc-

cessive years, and in the second year the seed has invariably

been selected from the home-grown product of the previous

season. The majority of the new varieties have proved in-

ferior to the old standard sorts like Beauty of Hebron, Early

Pose, Green Mountain and Irish Cobbler.

\^arieties which have given higli yields in more than one

two-year test are Carman 'No. 1, Enormous, Simmon's Ifodel,

Steuben, New Satisfaction, Ped Piver Early Ohio, Houlton

Rose, I. X. L., Daughter of Early Pose, Pose No. 9, Button's

Seedling, Fillbasket, White Ele])hant, Restaurant, Thorburn,

Vanguard and Woodbury's White.

Eighty-two samples of seed were tested during the vear for

purity and freedom from weed seeds. Timothy gave an aver-
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aj^c purity test of 97 per cont., red clover, 07. H per cent., rod

top, 98.4 per cent., alsike clover, 9G.2 per cent., white clover,

91.8 per cent., and other seeds were equally g'ood, although only

one or two samples of a kind were received.

It has been found that different seed laboratories sometimes

report widely varying results of germination tests, when they

have worked independently upon samples from one large lot of

seed. It has also been found to be difficult for the seed analyst

to identify accurately different seeds so closely related as cab-

bage and cauliflower, while the identification of seeds of dif-

ferent varieties of one species is almost out of the question.

A simple tool has been devised for planting white-pine seed,

by which the seeds may be quickly and easily inserted in the

soil without waste of seed or back-breaking exercise.

The chestnut blight is working up through the Connecticut

valley, making this region the worst infested of any portion of

the State; but very few old trees with rough bark are -found

infected. There is an unusual amount of deterioration and

dying out of chestnut, which is in no way related to the blight.

One or two applications of a solution of arsenate of soda will

permanently kill \veeds on tennis courts and poison ivy around

trees and walls. It can be best applied with a sprinkling-pot

to which is attached an apron to direct the spray.

Plantain and dandelions in lawns are not readily kill('<l by

cutting off the crowns, as a large percentage of plants are

apt to renew their growth in a short time.

Frequent applications of fertilizers to lawns is an aid to sup-

pression of weeds by promoting the growth of grasses. Pulver-

ized manure is apt to introduce weed seeds if it is used instead

of chemical fertilizers.

Mosaic disease of tobacco (" calico ") is not a so-called

" germ disease," but is due to a disturbance of the natural

balance of forces within the plant. It is infectious and may
be communicated from one diseased plant to another. Seed

beds should (>itlier be properly sterilized by steam or allowed to

grow to grass for a year or two if seedlings have shown the

disease. Injury to the roots of plants when transplanting is

a frequent cause of the development of the disease, and if a

diseased plant is handled during the setting there is danger of



1913.] PUBLIC DOCmiENT— No. 31. 9

a large number of plants being infected by the bands of the

jdanter.

An exact record of the cost of food nsed in milk production,

lins been kept for years at the experiment station. Since 1908

the average annual cost for food has been $99.52 per cow, and

practically 4 cents per quart for milk. To this amount must

be added the cost of care and housing. In a comparison of oats

with corn as a cattle food it has been foundthat the oats in-

creased the food cost of milk about 3.5 per cent, over the cost

where corn was used. It is believed that oats are not an

economical food for milk production in this State.

At times potatoes "are plentiful and cheap, and farmers have

used them as food for stock. Complaints have been received at

the experiment station that when potatoes have been fed they

haA'e caused a shrinkage in milk flow and other undesirable

results. Experiments were tried which showed that potatoes

may be used advantageously up to an amount of 25 pounds

daily per cow.

Experiments with molasses as a food for live stock have

sho^vn that it does not improve the digestibility of the other

foods which must be fed with it. Xevertheless, it is a cheap

food, useful in fattening animals and in making rough fodder

more palatable ; but in comparison with corn meal, molasses

possesses no advantages in price or efficiency. Molasses feeds

should be carefully considered with regard to guarantees and

cost in comparison with other concentrates before they are pur-

chased.

Experiments with beet pulp have shown it to be an economi-

cal and efficient food for milk production when it can be pur-

chased for a lower price than corn meal. Milk producers who

purchase all their grain will find dried beet pulp a satisfactory

component of the grain ration, up to one-half of the total mix-

ture.

Several instances of failure of greenhouse crops, particularly

cucumbers, have been brought to the attention of the experiment

station. Analyses of the soil have shown it to be overloaded

with soluble fertilizer, in comparison with soil in which the

crops have made a normal growth. This overloading may have

been due to too heavy dressing with manure and chemicals, or
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to nnsatisfactorj drainage, which permitted an accnmnlation

of salts lliat in the favorable soil were leached ont during the

season.

The refnse tobacco stalks on an acre of tobacco have been

fonnd to contain over 87 pounds of nitrogen, 132 ponnds of

potash and 20 ponnds of phosphoric acid, worth about $24 when

compared with other standard waste vegetable matter like cas-

tor ])omace. The common practice of spreading the stalks on

the field to be leached bv the rain and snow recovers a little

more than half of the nitrogen and i")otash and practically none

of the phosphoric acid. The stalks shonld be cnt or shredded

and i)lowed under, so that all the fertility may be recovered,

while over 1^/4 'to^is of vegetable matter may be incorporated

with tlie soil to form hnmns.

During the year nearly 400 different insects were inquired

about by the people at large. The season was especially favor-

able for the development of plant-lice, and over a hundred sep-

arate inquiries were received regarding these insects.

The discovery, in a box of celery from California of 50 in-

dividuals of a species of lady beetle belonging on the Pacific

coast shows how injurious insects also may be imported and

added to our list of garden pests.

Tests of new insecticides did not show them to be in any

way superior to established kinds.
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A VARIETY TEST OF POTATOES.

E. F, GASKILL,

During tlio last eigliteon years tlio agricultural department

of the experiment station has tested 371 varieties of potatoes.

This work has bronght ont many interesting facts. It will not

be possible in this article to go into all the details of the work,

but the general plan and some of the more interesting facts

will be given.

General Plan. — There have been in all cases two trials, —
a preliminary test and a final test. The varieties selected each

year for trial have been those advertised by different seedsmen

and recommended to the piddic becanse of their superior merits.

Small amounts of seed have been obtained from these firms

and planted in one of our fields to produce seed for a second-

year tost. Thus for the second trial we have had home-grown

seed that has been raised and stored under precisely the same

conditions for every variety. During the preliminary tests

records have been kept, but all of our conclusions are based

upon results obtained in the second-year tests.

We have included in each trial, for the sake of comparison,

some of the standard varieties, such as Beauty of Hebron,

Green Mountain, Early Rose and Irish Cobbler.

Soil.— In most instances these trials have been made on a

medium loam with a gravelly subsoil, affording good drainage

and an ideal potato soil.

Fertilizers. — A home-made mixture has been used, furnish-

ing the elements of plant food in alxiut the following propor-

tions :
—

Per Cent.

Nitropcn 21/2 to AVo

Plios])lioric acid. . . . . . . . . fi to 10

Potash, 8 to 10
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Seed. — The original seed has come from widely dilTcrent

sonrces, bnt that usoil in the second-year tests has always been

of onr own raising. The j^ractice has been to cnt the tnbers

into i)ieces, having two eyes each and of as nearly eqnal size

as possible. The seed has usually been treated for scab with

either corrosive snblimate or formalin (two ounces of corrosive

sublimate to 15 gallons of water, or one-half pint of formalin

to 15 gallons of water).

Spraying. — Careful attention has been given to this phase

of the work, using both a fungicide and an insecticide several,

times during the season.

A Few of the Varieties Grown.

In each of the following cases the five varieties giving the

best yield are mentioned in the order of their superiority, and

the five varieties giving the poorest yield are mentioned in the

order of their inferiority.

In 1896, 60 varieties were grown, 1-4 of which gave yields

of over 275 bushels per acre and 4 less than 150 bushels per

acre.

Best. — Carman No. 1, Duttoii's Seedling. Eaily ]\raine, Fillbasket,

New Satisfaction.

Poorest. — Early Ohio, Polaris, AVorM's Fair, Sir "William, Alexander's

Prolific.

In 1898, 25 varieties were grown, 11 of which gave yields

of over 200 bushels per acre and 5 less than 150 bushels per

acre.

Jiest. — White Elephant, Fillbasket, Enormous, "Woodbury's "White,

Thorbnrn.

Poorest. — Earh' Maine, Bliss's Ti-ium]ih, Dakota Red, Empii'e State.

In 1S90, 04 varieties were grown, IS of whidi gave yields of

over 300 bushels ])er acre and 3 less than 200 l)ushels ])cr acre.

Best. — Fillbasket, "White Elejihant, "VA^ashington, Howard, Enormous.

Poorest. — Empire State, Olgoma, Commercial, Hurst, Mills Long

Keei^er.
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In 1U02, 33 varieties were grown, 10 of which gave yields

of over 250 bushels per acre and 4 less than 150 bushels per

acre.

Best. — Beauty of Hebron (first generation from Maine seed), Beauty

of Hebron (second generation from Maine seed), I. X. L., Steuben,

Early Nancy.

Poorest. — Livingstone, Stevens, Tije June, Ford, 1902, Smitli's Six

Weeks.

In 1901, 49 varieties were grown, 12 of which gave yields

of over 250 bushels per acre and 4 less than 150 bushels per

acre.

Best.-— Simmon's Model, Extra Early White Rose, Great Divide,

Steuben, Maxima.

Poorest. — Kaiser Krone, White Ohio, Sweet Home, King of Ohio,

Clinton.

In 190G, 25 varieties were grown, 4 of which gave yields of

over 200 bushels per acre and 4 less than 100 bushels per

acre.

Best. — Sinnnon's Model, Climax, Chenango White, Hammond's Won-
derful, Gortsap.

Poorest, — Banner, Noroton Beauty, Short Seasons, Good as Gold,

Uncle Gideon's Quick Lunch.

In 1907, 41 varieties were grown.

Best. — White Mountain, Green Mountain, Violet Mammoth, Green

Mountain (Early Dying Tojis), Manistie.

Poorest. — Imperial Early Ohio, Dan Patch, Fast Mail, Early Six

Weeks, Llay's Netted Gem.

In 1909, 40 varieties were grown, 9 of which gave yields of

over 275 bushels per acre and 5 less than 150 bushels per acre.

Best. — Burbank, Quaker City, Great Bonanza, Wilson's First Choice,

Ionia Seedling.

Poorest. — Dew Drop, Snow White, Salzer's Prosperity, Perfection,

Blush.
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In 1911, 31 varieties were grown, G of which gave yields of

over 200 bushels per acre and 12 less than 150 bushels per

acre.

Best. — Red River Earlj' Ohio, Good News, AYliite Victor, Jumbo, Late

Hebron.

Poorest. — 1910 Seedliiiii', Early Bovee, Saxony, Sunrise, Surprise.

The following varieties have been included in two of our

two-jear tests and given very satisfactory yields each time :
—

Carman No. 1, Enormous, Simmon's Model, Steuben, New Satisfaction,

Red River Early Ohio, HouUon Rose, I. X. L., Daughter of Earl^y

Rose, and Rose No. 9.

The following varieties have been included in three of our

two-3^ear tests and given very satisfactory yields each time :
—

Button's Seedlin.s]:, Fillbaskct. White Eloj'hant, Restaurant, Thorburn,

VangTiard, Woodbury's White.

Beauty of Hebron and Early Kose have been included in six

of our two-year tests, and always stood among the ten or twelve

best varieties each year. Some years they have stood among the

first five.

The Green Mountain has been included in three of our two-

year tests and has always given a very satisfactory yield.

A Few of the Intekesting Eacts brought out.

1. The rate of yields obtained have been from (iO to 509

bushels per acre.

2. The same variety is sometimes sold under more than one

name.

3. The majority of the new varieties are inferior to the old

standard sorts, like Beauty of Hebron, Green Mountain, Early

Eose and Irish Cobbler.

4. Several good varieties have been discovered from the

standpoint of both yield and quality.

5. Results obtained in the preliminary tests do not corre-

spond with the results obtained in the second-year tests.
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0. Ill testing varieties of potatoes it is absolutely essential

to use seed that lias been grown and stored under similar con-

ditions. To prove this statement the following test was

made :
—

Seed of two standard varieties— Beauty of Hebron and T^arly

Kose— were secured from several different sources. The

source of seed and the results obtained are shown in the fol-

lowing table quoted from the report of the agriculturist in the

eleventh annual report of this station :
—

Comparison of Seed Potatoes from Different Localilies {Yield in Pounds

of 40 Sets).
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In discussing variety tests of potatoes in the fifteenth annual

report of the experiment station, Dr. Brooks concludes as fol-

lows :
—

It is firmly believed that it is much wiser that potato growers shall

secure seed of standard varieties grown and stored under the best con-

ditions, than to pay high prices for new varieties, which in so many
instances when carefully tested under the fairest possible conditions

are found not to equal the older sorts either in ])roductiveness or in

quality. In our experience seed grown in northern Maine has in-

variably been found to be superior to that of our own production, even

in the first generation. The Maine seed gives the larger yield, and the

crop is somewhat earlier. It usually costs somewhat more than home-

grown seed, but it is richly worth the greater price.

PiJELiMTXAi^Y Test, 1012.

During the x>ast year, seed of nineteen varieties of potatoes

was obtained from widely dilferent sources. The seed was

treated for scab, cut and planted in the usual way. The yields

ranged from 91 bushels to 312 bushels ]ier acre. The varieties

crown w^ere :
—

Buckbee's Extra Early Rockford.

Clyde.

Diamond.

Early Six Weeks.

Early White Albino.

Farmer Potato.

Gray's Mortgage Lifter.

Green Mountain.

Johnson's Early Flour Ball.

Northern Star.

Quick Crop.

Sir Walter haleigh.

Six Weeks.

Snow.

Sutton's Early Monarch.

The Early Surprise.

TIic Irish Cobbler.

The Petoskey.

Trust Buster.

In 1913 the second-year test will be made of these varieties

using the seed grown in this year's test.
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SEED WORK FOR THE YEAR 1912.

G. E. STONE.

Tlic seed work for 1012 has inchuled as usual seed germina-

tion, separation and testing for purity. There were 285

samples of seed sent in for germination, onion and to-bacco lead-

ing the list. The average germination of onion seed for 1912

was 75.3; the highest being 95 per cent, and the lowest 7 per

cent. The average for tobacco was 51.9; the highest 98 per

cent, and the lowest 0. Last season (1911) the average germi-

nation of onion seed was 70 per cent. ; the highest, 98 per cent.,

and the lowest 20 per cent. For tobacco the average was 84

per cent.; the highest, 95 per cent., and the low^cst, 21 per cent.

The average germination for onion seed was slightly below that

given for a number of years, and that for tobacco was mueli

less, due no doubt to the effects of frost on the seed.

Records of Seed Germination for 1912.

Name of Seed.

Onion,

Tobacco,

Clover, .

Grasses, .

Cabbage,

Carrot,

Oats,

Sweet pea,

Turnip, .

Corn,

Beet,

Squash,

Miscellaneous,

Total,

Number
of

Samples.

104

50

29

29

10

9

7

7

5

4

3

3

25

285

Per Cent, of Germination.

Average. Highest. Lowest

75 3

51.9

86.4

85.2

57.0

59.3

83.1

23.7

63.8

46.6

77.7

49 7

38 6

95

98.0

99.0

97.5

85

90.0

98.0

85.0

91.0

63

91

62.0

96

7.0

55.0

20 5

6

34.0

50

4.0

37.0

70,0

41
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The mimbor of poinuls of seed separated is not so large as

last year, although the number of samples is greater. The total

number of pounds separated was 1,517, about 1,300 pounds of

it being onion seed. The percentage of seed discarded Avas from

11 to 19 per cent., the largest amount being discarded from let-

tuce seed. Practically all the lettuce seed received for separa-

tion is sent in by the market-gardeners around Boston.

Records of Seed Separation, 1912.

Name of Seed.
Number

of
Samples.

Weight
(Pounds).

Per Cent,
of Seed
retained.

Per Cent.
of Seed

discarded.

Tobacco,

.

Onion,

Lettuce, .

Celery, .

Beet,

Radish, .

Totals,

51 37

1,298.62

133 62

1.38

27.56

5 51

1,517 88

88.70

88 10

80 06

86.40

81.60

83 20

11 30

11 90

19.94

13.60

18 40

16.80

The number of purity tests made during the year was 82, the

see'd coming in some cases from farmers, and in others from

seed merchants. Occasionally farmers buy their seed, or decide

not to, on the strength of these tests.

IVfore purity tests were made of timothy than of any other

seed, 17 samples being tested, followed by 11 for red clover and

11 for red top. The total number of species of foreigii seed

found in these tests was 51, 34 being regarded as noxious and

17 as harmless. These foreign seeds are by no means abundant,

and are often difficult to remove even by the most improved

methods of seed separation.
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Records of Seed Purity Tests, 1912, made by E. A. Larrabee.

[Figures in parentheses indicate number of samples in which corresponding seed is found.
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Records of Seed Purity Tests, 1012, made by E. A. Lorrakc— Concluded.
(Figures in parenthesea



I;)i3.] rUBLIC DOCUMENT— No. 31. 21

It is clear that iliesc scods arc of very high grade, some of

them being iinich hctter than the staiuUird required. ]\[any

of the so-called noxious weeds are of little importance with ns

and make slow headway in a well-seeded field, even Canada

thistle, which greatly concerned the farmers many years ago,

having become a relatively rare pest.

All samples of seed to be tested or separated should be sent

to G. E. Stone, Massaclnisetts Agricultural Experiment Station,

Amherst, ]\Jass., and the freight or express should be prepaid.
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SOiME VARIABLE RESULTS OF SEED TESTING.

G. E. STONE.

The enactment in several States of various seed control laws,

many of which are strict, has offered opportunity to study the

accuracy of our whole system of seed testing. It has often been

a question, particularly among the seed dealers, whether we are

in a position to pass and enforce stringent seed laws. Ac-

companying the laws there is usually given a standard for the

purity and germinating capacity of seeds. If seeds are improp-

erly labeled, contain certain noxious weed seeds or fall below

the standards given, according to the phrasing of some laws the

seed dealer is liable to a fine.

Very different results are often obtained in seed-tesfing labo-

ratories, it often requiring duplicate tests to obtain anything ap-

proaching the true averages. The results given in the following

six tables were obtained by a large seed firm which collected a

number of typical samples from bulk and sent them to several

seed-testing stations for examination. The tables include tests

of timothy, millet, Kentucky blue grass, orchard grass, alfalfa

and red clover. The numbers in the first column of each table

indicate the different seed-testing stations; for example, in the

case of red clover, 19 different laboratories reported, and in

nearly all cases germination and purity tests were made of each

seed.
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Table showing Purity and Germination Tests made at Different Seed-testing

Stations of Seed taken from the Same Bulk {Data given in Percent-

ages).
Red Clover.
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Table showing Purity and Germination Tests made at Different Seed-testing

Statiojis of Seed taken from the Same Bulk (Data given in Percent-

ages) — Continued.
Timothy— Concluflod.
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Tabic showing Purilij and Germination Tests made at Different Seed-testing

Stations of Seed taken from the Same Bulk {Data given in Percent-

ages) — Continued.
Kentucky Blue Grass.
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Table showing Purity mid Germination Tests made at Different Seed-testing

Stations of Seed taken from the Same Bulk {Data given in Percent-

ages) — Concludod.

Orchard Grass— Concluded.
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From an examination of tlic data shown in tlie tal)los it will

be seen that there are considerable dilTerenccs in the results ob-

tained bv the various seed-testino: stations. If we compare the

highest and lowest percentages in each ta])le for purity and ger-

niiiiatidu tests we find the following results: the greatest varia-

tion in the percentage of pure seed in red clover was 1.7 per

cent. ; that for germination, 14 per cent. This sample was re-

ported on by 19 different testing stations.

In the sample of timothy, 19 stations gave a difference of

1.7 per cent, in the purity tests and 11 per cent, for germina-

tion. In 18 station tests of millet there was a difference of

2.5 per cent, in the purity and 12 per cent, in the germination

tests. Twenty-one tests of Kentucky blue grass gave a differ-

ence of 27.6 per cent, in the purity and 85 per cent, in germi-

nation tests. Twenty-one tests of orchard grass showed a

difference of 25.'4 per cent, for purity and 41 per cent, for ger-

mination. In the sample of alfalfa, tested by 18 different

stations, there was a difference of 5.7 per cent, in purity and 7

per cent, in germination.

The maximum differences given in the purity tests are in

most cases unimportant, 1 or 2 per cent, variation showing care-

ful work ; but differences of 5 or 10 per cent, or more are serious

to the seedsman when he is required to conform to certain laws.

This is also true of the germination tests, 2 or 3 per cent, or

more being of little account, but when the differences range

from 10 to 85 per cent., it is food for thought. Kentucky blue

grass and orchard grass showed the greatest variations in the

tests, but the purity tests, as might be expected, ran more evenly

than the germination. The results given in these tables are by

no means unusual, as greater differences in tests of the same

sample from various seed-testing stations have previously been

observed. On receiving results like these it is quite natural for

the seedsman to ask what is the right course to follow, and which

report he shall take as a basis for the guarantee under which

he shall sell such seed as Kentucky blue grass and orchard grass.

It is well known that there is a great deal of variation in the

seed itself, due quite often to climatic conditions. The tests

also vary greatly, even when the same methods are used, from

different causes, and from the results given in these tables it
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would seem Tinjust to hold seedsmen to any rigid standard, as it

would be likely to allect materially agricultural interests. For

instance, the germination percentage of Kentucky blue grass

ranges from 3 to 88 per cent., the average; being 54 per cent.,

and it is a vital question to the seedsmen just what germina-

tion percentage the seed should have, as some of the lower per-

centages may be due to faulty methods. Too great pains can-

not be taken in testing seeds for dealers when they are to be

sold on merely a verbal guarantee, as there is a possibility of

doing them great injustice and injuring their business.

Some of the laws which have been drawn up are rather par-

ticular as regards the proper identification of seeds, stating that

they shall be true to name, etc. But it often happens that ship-

ments of seeds which are purchased by seedsmen become more

or less mixed as labels are lost in going through the custom

house, and their exact identity is not always easy to determine.

Difficulties uxderlying Identificatiox of Seeds.

The wide variation in the results of seed germination and

purity has been previously touched upon in this article, and we

now turn to a more detailed discussion of the difficulties which

surround the analyst in the matter of the identification of some

of the more common agricultural seeds, the horticultural or

trade name of which varies from the true botanical name, espe-

cially in regard to the varietie^^. It is often found that a seed

which has a certain botanical name is sold in the market under

a distinctly different trade name ; thus a great difference of

opinion is found in a discussion of the seed from the legal point

of view. Under a great many of our existing seed laws, there-

fore, a wide difference of viewpoint and application may be

exercis(Hl without wilful misbranding by any one.

The following table shows this to a remarkable degree. It

is concerned with the identification of certain agricultural seeds

of common occurrence, and while the identification of the seeds

may not be the work of the best analysts in the country, it is

fairly representative.
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Table showing the Relative Accuracy xoith which Certain Agricultural Seeds

can be determined botanicalhj.

Sample Number.
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analyst called tliem simply " rod clover." Both, are right from

their individual viewpoint, but legally, which is the proper desig-

nation ? It is the same with the harleys ; horticulturally, they

are designated as two, four and six rowed, respectively, but

the analyst has classed them as barley, simply, which is incor-

rect from the seedsman's stand])oint, and also from the applica-

tion of the seed laws in some States.

Aside from the error resulting from a cursory examination

of seed by an analyst for purity, etc., it would be very difficult

for one to identify the different varieties of plants from a

simple examination of the seed alone,— for instance, the dif-

ferent varieties of cabbage, rape, wheat, etc., — as the macro-

scoi^ic and microscopic characters of the different varieties are

so nearly alike in many cases. Very often the only way in

wdiich a seed can be proved to be true to name is by growing

the plant to maturity and getting the fruit or product which

is used for identification purposes. This, of course, is out of

the province of the seed inspector, and he cannot be held to

an absolutely true identification of the variety, especially in

the instances mentioned. Very often, also, it is necessary to

have the plant for identification, as the seed structure may be

quite misleading.

In the matter of the proper identification of seeds it might

be stated, also, that in the case of mixtures of seeds like Canada

blue grass and Kentucky blue grass, unless the analyst is very

careful, the presence of one or the other may easily be over-

looked. In one instance that we know of a sample of Ken-

tucky blue grass, which contained a large amount of Canada

blue grass, was analyzed by 23 different stations in tliis and

other countries, and 12 out of the 27 stations did not report

the presence of Canada blue grass. Thus it can be seen that

great care should be exercised in the matter of purity tests,

and only thoroughly qualified analysts should be intrusted with

the work.
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DEVICE FOR PLANTING WHITE PINE SEED.

G. E. STONE.

A few years ago the writer had occasion to phant some white

pine seed in sod land, and the simple apparatus shouTi in Fig.

1 was devised for the purpose. It consists of a hollow iron tube

about % of an inch in diameter, to the bottom of which is at-

tached a bent piece of strap iron about 1% inches in width

and thick enough to give the required rigidity. This is sharp-

ened at one end like a chisel, and the iron handle extends to the

bent part of the piece of iron. To the lower end of the hollow

handle is attached a rubber tube which extends within a few

inches of the end of the flat blade.

In using this device, which is designed to plant the seed

easily and quickly, the chisel end or blade is thrust into the

ground at such an angle that a slice of sod seldom more than

% of an inch in thickness is raised. The planter is then

brought to a vertical position and three or four seeds dropped

into the funnel at the top. The seeds fall underneath the thin

layer of sod, and then the instrument is taken out and the sod

pushed back to cover the seed. This planter has been used

to some extent in its original form by various persons, and no

attempt has been made to improve upon it as yet. It operates

easily, however, and does away with the stooping over required

by the ordinary methods in use.

The general opinion among foresters is that it does not pay

to plant white pine seed, and that much better results can be

obtained from seedlings. It costs much less to plant seed,

however, and it should be remembered that the great bulk of

the white pine which has been growing in the State for cen-

turies started from seed. It should also be pointed out that

the New England States are unusually well adapted for the

growing of white pine, and most of our waste land would soon



32 EXPERDIEXT STATION. [Jan.

be covered with thia tree if left to itself. It may be true that it

requires a great many seeds blown from a tree in a pasture to

start one seedling, but when the seeds are planted the case is

different.

The cost of planting seedlings at the present time appears to

be prohibitive, and this view is taken by most of our lumbermen

and farmers. Hon. J. J. Hammond of Xorthampton has tried

both methods on his farm in Goshen, and is enthusiastic over

the planting of seed.

The device shown in the illustration could be improved in

some ways, and could perhaps be made lighter. It is a question

whether it would be worth while to attach an autonuitic device

for regulating the number of seed, as it is very easy to drop

a few seeds from one's pocket into the funnel. Pine seed will

frequently not germinate more than 30 per cent. ; therefore it

is desirable to plant several seeds in one spot.
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CHESTNUT BLIGHT.

G. K. STONE.

This disease, already referred to in our previous reports, lias

been with us now for live or six years, and in some sections has

become quite prevalent. It was first noticed in the vicinity of

Xew York in 1905 by Dr. W. A. Murrill, since which time it

has spread over considerable area. The writer has been ob-

serving the disease from the time it was first introduced, and

has been able to watch its increase in various parts of the

country. The fact that it has spread more rapidly and ex-

tensively southward than northward has led us to take an

optimistic view of the continuation of its ravages in Massa-

chusetts.

Along with the blight has been a deterioration of the chest-

nut tree which does not seem to be in any way associated with

the l)light fungus. While no attempt has been made to survey

the State systematically, to learn the range of infection, our

examinations of diseased material sent in to the experiment sta-

tion the past few years have thrown considerable light on its

distribution.

The first infections are naturally the worst, and are con-

fined in a general way to our river valleys, — the Connecticut,

Housatonic and Blackstone and their immediate neighborhoods,

while the eastern central section of the State still remains

comparatively free from the disease.

The chestnut blight, like the elm-leaf beetle infection, ap-

pears to be working up through the Connecticut valley in par-

ticular, and this is the worst infected region in the State. To
one diseased tree found this year there will no doubt be seven

br eight next year, and this is the ratio of increase each year.

The small, smooth bark trees are the ones most largely in-

fected, the old and rough bark trees being least susceptible.
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Two or three year old sprout growths easily fall a prey to the

disease, more often near the base where the light is more or

less excluded and where there is more moisture. In the case

of old, rough bark trees the infection occurs first on the younger

branches and twigs, but very few old trees are affected as com-

pared with the younger trees in our locality. The unusual

amount of deterioration and tlic dying out of the chestnut every-

where common, which is in no way associated with the blight,

have led many to exaggerate the extent of infection from the

fungus, many hundreds of trees having been pronounced in-

fected when they were not. The real blight is surely a serious

enough thing without exaggeration considering the melancholy

fact that no practical and efficient remedy or even suggestion

of one is in sight.
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WEED EXTERMINATION:

G. E. STOKE.

In recent years a groat deal has been done along tlie lines of

weed extermination, and many different methods have been ex-

perimented with and some of them adopted. There arc several

proprietary articles and meclianical devices on the market pnr-

])orting to solve some of the phases of the weed question, but

ni'ost of them are rather expensive when used on a large scale.

When one needs only a small amount of wccdicide, however, it

is better to buy the easily procured proprietary article than to

bother with the crude material, which is often hard to ol)tain.

Sulfate of iron has proved valuable in the west for the ex-

termination of such tender plants as mustard and others when

used as a spray in grain fields, and it can also be used for

hilling dandelions in lawns. It is inexpensive Avhen bought in

bulk, although the proprietary article, consisting of pulverized

sulfate of iron mixed with nitrate of soda and sand and put out

in expensive containers, is not so cheap. Arsenate of soda,

which can be bought in bulk or as a commercial article, and

similar compounds are also used as weed killers.

Of the several mechanical devices used for weed extermina-

tion, some are designed to pull up the weeds and others to kill

them by injecting poisonous chemicals into the roots, while still

otlicrs do the work by burning. Even electricity has been tried,

but with rather unsatisfactory results, since considerable cur-

rent is required to kill even small plants. Salt, copper sulfate,

carbolic acid, nitrate of soda and many other materials have

been used as Aveed killers, and undoubtedly in the future

cheaper and more efficient methods will be found.

Ai?sr:is"ATE of Soda.

Arsenical compounds appear to be the most poisonous to

weeds. Of these, arsenate or arsenite of soda is usually em-
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ployed, and is especially valuable for desti-oying weeds in dirt

walks, roads, ditches and tennis courts and for killing poison ivy

about ti-ees, buildings, stone walls, etc. It is very jwisonous to

plants and lasting in its effects. O.ne or two applications at the

rate of 10 gallons of the solution per square rod (made u]) of 1

pound of the arsenate of soda to 5 or 10 gallons of water) will

last for some years. This substance does not appear to leach out

of the soil to any extent, while many others used as weed killers

either volatilize quickly or leach out through the soil, producing

only a temporary effect. Arsenate of soda can be used to ad-

vantage also in treating 4 or 5 inches of a lav/n close to the"

foundations of buildings, to save clipping by hand the tall

grass which cannot be reached with a laM'n mower.

The most satisfactory way to apply arsenate of soda is by

means of a sprinkler with an attachment to direct the spray

(Fig. 1). With this device it is possible to treat walks up to

the very edge without injuring the grass in the least. A single

drop of arsenate of soda will injure any vegetation it touches,

so care must be used in handling it ; therefore this little attach-

ment shown in Eig. 1 is valuable for directing the liquid.

Arsenate of soda should not be "used too freely near the feed-

ing roots of trees, but we have never noticed any injury from

treating walks near shrubbery or even within a few feet of

large trees.

Weeds in Lawxs.

To insure a heavy growth of grass and absence of weeds a

lawn should have a good, deep foundation of rich soil, well

supplied with organic matter and plant food. It is also im-

portant that the soil should possess the proper physical prop-

erties or texture in order to produce a good growth of grass,

and it should have sufficient water-retaining capacity to enable

the grass to endure drought. A soil of medium texture well

provided with loam, with a water-retaining capacity of about

70 per cent., is much better than a coarse soil of less water-re-

taining capacity: for in seasons of drought the coarse soil will

dry out very quickly and the grass wnll suffer, whereas the re-

verse is true of the fine soil. The weed proposition loses some

of its importance if the lawn is well made, since a good growth

of grass will crowd out the weeds. IXew lawns are more troubled



1. — showing wateriug-caii witli device

for applying arsenate of soda.







I'Kj. -. — Showing tlilTori'iit types ot wci'd f\tonniii;i-

tors. Figure iit the right, liome-made device for

cutting lawn weeds. Figure to the left, similar

device. Figure in the center illustrates a device

for injecting poisons into ttie roots of weeds.
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with weeds on this account. One of the worst weeds affecting

new lawns is crab grass {Digilaria humifusa), but it lasts only

a year or two, as a lule. It is mneh more troublesome on dry

lawns, wlicre the catch of grass is poor. Frccjucnt close cutting

of the grass in the fall is a good preventive, since the seed is

not allowed to mature. Two of the plantains, P. lanceolata and

P. major, arc troublesome in lawns, more especially where the

grass is thin. Cutting plantain a.t different distances from the

roots with a special device has not always proved satisfactory,

and our observations have shown that when cut in this way a

large percentage of the plants renew their growth (Fig. 2).

This appears to be true, also, of the dandelion.

The following table shows the results of cutting plantain

stems. Tlie experiments were made by Mr. A. J. Sullivan, a

student assistant.

Table I.
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often shown in their distribution on hiwns. In winter their

seed s])ikes are often found protruding above the snow, and

when the snow has a erust the seeds are easily carried long dis-

tances, and (tften hmd at certain i)oints corresponding with

the action of the wind.

]\Iany other weeds, when cut below the surface, will not re-

new tluMr growth. The device shown in Eig. 2 consists of an

asparagus cutter inserted into a handle, and is a cheap, practi-

cal and easily used tool for cutting roots below the surface.

Erequent applications of fertilizer to lawns is of some service

in exterminating weeds. For this reason we have devised a

lawn fertilizer spreader,^ consisting of a holder mounted on rub-

])cr-tired wheels, with an opening ^ of an inch in width which

can easily be opened or closed while operating the machine

(Fig. 3). The spreader is provided with a revolving cylinder

which keeps the fertilizer pulverized and in motion. This de-

vice was designed to improve upon the clumsier method of hand

spreading, and it will spread the fertilizer so evenly and

thoroughly that every root can be reached. "With its use more

fertilizer may be required to completely cover the lawn, but a

great deal is gained by the thorough application and even dis-

tribution. It is not designed to spread coarse manure, but may
be used with pulverized sheep and cow manure and commercial

fertilizers.

Besides using pulverized sheep or cow manure in the spring

or fall, wood ashes, nitrate of soda, sulfate or muriate of potash

may be ap]ilied. We have found it well to fertilize in late

summer when the grass is losing its vigor, which keeps it grow-

ing and in good condition up to the end of the season, and also

helps greatly to crowd out undcsiral)le fall weeds.

Weed Seeds in Sheep Manure.

Pulverized sheep and cow manure, while excellent for lawns

on account of the large amount of organic matter which they

contain, do, like other manures, possess a disadvantage in the

undesirable weed seeds often found in them. Most of the pul-

verized manures come from the Chicago stock yards, and west-

> In tho (lesion and construction of this spreader the writer is indebted to M. E. A. Thompson
of Anilicrst, whose ingenuity and skill are highly appreciated.



Fig. .!. — Sliowing fertili/.tT spivader for law iis.
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cm scoJs are likely to predoiuimite in them. An analysis of

])ulverize(l slieep manure shows the i'ollo\vin«i; wchmI seeds in one

j)umid :
—

-

Table II. — Showing Number and Kinds of Weed Seeds in One Pound of

Pulverized Sheep Manure.

Kind of Seed.
Number of

Seedd.

Ladies' thumb,

Tumble weed,

Sorrel, ....
Timothy,

Foxtail,

Panicum and other species,

Plantago lanceolata, etc..

Total, ...

580

070

390

1,000

400

820

200

4,000

The figures given in this table show the great number of seeds

in pulverized sheep manure, — 4,000 to 1 pound, whieh would

be equivalent to 400,000 seeds in a 100-pound bag. But this

table re})resents only one analysis, although taken from a typi-

cal sample on the market. Some of the seeds named are of

little account, while others, like Plantago lanceolata and cer-

tain Panicums, often prove noxious. One lawn with which

we have experimented, and to which sheep manure was applied

freely, became badly contaminated with Plantago lanceolata,

which had never been noticed in the lawn before and must have

come in with the sheep manure. It was most abundant in the

poorest part of the lawn. In another case where pulverized

sheep manure was used plentifully a remarkable catch of a

beautiful little lawn grass growing about 4 inches high and

known as Poa annua was found. The seed of this grass cannot

be had in the market, and yet it is one of the most desirable

lawn gras.ses, thriving in the shade where other grasses will not.

Whether the sheep manure contained the seed, or whether it

merely furnished a suitable environment for its development,

as does potash for clover, was not learned.

The large amount of organic matter contained in sheep

manure makes it an excellent lawn fertilizer, although from
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the point of view of Y)]i\ut food containcMJ it is more expensive

than most chemical fertilizers. Still, we believe that no chem-

ical fertilizer can take its place on lawns. The nniiihcr of weed

seeds it contains is its worst feature, but this iniiiht possiltly ])e

overcome by some system of sterilization.^ The ap[)lication of

steam v.'ould have a tendency to increase the ammonification

and wonld be a troublesome prcx^ess, but if the weed seeds conld

])e kille(l by an a])])lication of formaldehyde and potassium per-

manganate it would V)e a practical method. Fumigation with

this substance will kill onion seed very quickly, l)Ut whether it

would have the same effect on weed seeds we do not know.

» Some brands of pulverized sheep manure are said to be sterilized.
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^^ MOSAIC" AND ALLIED DISEASES, WITH
ESPECIAL REFERENCE TO TOBACCO AND
TOMATOES.

G. ir. CHAPMAN.

Tliis disease, or forms of it, has been known for several years,

and various articles and papers have been prepared dealing with

its description, causes, effects and methods of treatment ; but

the results obtained have been so varied that one hardly knows

what to conclude. One authority states positively that the

disease is contagious, another that it is infectious and still

others that it is neither. It is our object in this paper to review

in brief the results of other investigators and also the results

of several years' work on our part devoted to the study of so-

called mosaic disease and physiological troubles which we be-

lieve to be more or less closely allied to it.

This disease is commercially important to the lajTuan only

as it affects tobacco, and to a less extent greenhouse tomatoes

(we have never found this disease produced on field-grown

tomatoes except under artificial conditions of growth), which

seem to be less susceptible than other plants of the Solaniacese.

It is very important in some localities as regards tobacco, how-

ever, because a leaf attacked by it loses its elasticity, and after

curing will not make a good wrapper for cigars. The results

obtained and presented in this paper will deal simply with its

causes, probable methods of control, etc., as regards the practical

grower, but not with the physiology and chemistry of the dis-

ease from a technical viewpoint. We do not mean to imply that

we have said the last word on the subject, but we have made an

earnest endeavor to clear up as many points as possible regard-

ing this peculiar disease.

We believe that several other diseases, such as peach " yel-

lows," aster "yellows" and others, are more or less similar

in character to the true " mosaic," but this paper will treat
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only of the '" mosaic " of tobacco and tomato. Experimental

data have Ix-cn obtained to a certain extent on these allied dis-

eases and will be presented in a futnre report.

DESCRirTiON OF THE Disease os ToRArco axd Tomato.

The appearance of this disease has been described by many
investigators, and nearly all have described it in a similar man-

ner, bnt more particnlarly with reference to tobacco than to the

tomato. The general characteristics of the disease are the same

for both plants, bnt some differences are found in extreme cases

in its appearance on the tomato, as will be noted from the fol-

lowing description:-

—

In the first stages of the disease the leaves of both plants

present a mottled appearance, l)cing divided into larger or

smaller areas of dark and light green patches, with very regular

outlines. At this jioint, however, no unequal sAvelling of the

areas is noticeable, but as the disease progresses the darker por-

tions grow more rapidly (growing normally), while the light

green areas grow very slowly, and in this manner leaf distor-

tion is brought about. Tn the tomato the light green areas

become yellowish as the disease progresses, and in very badly

affected plants become finally purplish-red in color. This col-

oration, however, is prol)ably a secondary result of the disease,

and is found principally on plants which are exposed to strong

light, but does not occur always, as it has been found that

sometimes, even in badly affected plants, the disease may reach

its maximum intensity without showing any reddish coloration

whatever.

The reddisli {ijipearance is noticeable only on the upper side

of the leaf, and extends only through the palisade cells. A dis-

cussion of the cause of this coloration will not be taken up in

this paper.

We have un<lei' no conditions ever noticed this coloration on

tobacco, but occasionally in the field have seen the affected por-

tions of leaves show brown, dead areas of tissue, a condition

wdiich may be analogous, but which we have been as yet unable

to prove.

On badly diseased ])laiils of both tobacco and tomato the

leaves are iiiucli distorted ntid stiff, and often, especially in the
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case of tho tomato, aro vorv badly curled, never possesshiii' the

tlexihility of liealtlij, normal leaves.

We have also found this disease on other plants, Init have

not been able in every case to obtain iho same trouble by inocu-

lating back to tobacco, and vice versa. A. F. Woods (1) re-

l)orts this trouble as occurring on poke-weed {rhytolacca dc-

candra), and U. Suzuki (2) reports a similar trouble on the

mulberries of Japan caused by extreme cutting back. We
have also been able to produce the disease by pruning and in-

oculation of plants of rag-weed {Amhrosia artemisifoUa), -Jim-

son weed (Daiiira Stramonium, L.) and others, but we have

not been able to observe it in all its characteristics on i)otatoes,

even when severely pruned. It undoubtedly occurs on many
other ]Jants, but we should not confound it with the results

obtained from overfeeding, as the appearance of these two

troubles is under certain conditions almost identical.

Occurrence.

On the tomato we find that the disease occurs only on plants

grown in the greenhouse, or, in other words, forced plants, and

most often on such plants as are pruned, seldom making its

appearance on plants which are left normal. We have

never observed, this trouble on field-grown tomatoes, and, so

far as we are able to discover, no one has observed it on such

plants, probably for the reason that, as a rule, such plants are

not heavily pruned. We have not been able to obtain it 1)y

pruning mildly on normal field-grown tomatoes, and tho rea-

son for this is found in the fact that the plants get a normal

growth and are not forced, even though they may get a tem-

porary excess of food materials as a result of the pruning.

Forced, plants, of course, are more susceptible to diseases in

general, as has been proved over and over again by many in-

vestigators.

The disease as it occurs on tomatoes has from our observa-

tions very little economic importance, as it does not, as a rule,

lessen the fruiting capacity of the vine or distort the fruit

badly. This observation has been made time and time again

in greenhouses in this and neighboring States. Occasionally,
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however, we do find a crop which is a failure, or individual vines

which are a loss, hut this is due to a lack of proi)cr ]iruning or

other coiiditidus which tend to intensify the Imuhle. Small,

nul)l)l_v fruit results, of no conunercinl valne, and a generally

stunted condition of the vine is always observed.

The disease as it occurs on tobacco is of more importance

from an economic ])oint of view, as, from the fijiures obtained

from the United States Department of Agriculture, the annual

loss in the United States alone is over $1,000,000 per annum.

The trouble may appear in all stages of growth on tobacco,

from the seedling to the mature plant. A great many instances

are on record of the seedlings being affected in the seed bed,

and we have observed it frequently in the past few years on

old beds which have been used repeatedly. As has been ob-

served by oth(>r writers, it is only occasionally that the first two

leaves are afi'ected, but often the succeeding leaves come dis-

eased. The cause of the affection in the seed bed will be dis-

cussed later in the paper. If diseased plants are transplanted

to the field they do not recover, and the wdiole plant becomes

affected and worthless commercially. The appearance of the

diseased plants in the seed bed is not so characteristic as its

appearance on mature plants, but, nevertheless, they can be

easily distinguished from the healthy plants. There is at first

no distortion, but rather a mottled appearance of light and dark

green areas which persist and do not disappear during the day,

in opposition to the mottling which is frequently observed

when for any reason plants are subjected to abnormal night

conditions. The leaves are also somewhat roughened, which

is caused by the beginning of the unequal growth of the healthy

and diseased areas. When these plants are transplanted to the

field we get the characteristic appearance of the disease, al-

though sometimes they may not be severely distorted. Leaves

of a plant which are not affected will not become diseased,

since the disease can only be transmitted through the dividing

cells, as has been shown by several investigators and verified

at this laboratory.

As to the cause of this trouble mucli lias l)e(>n written bv

various investiaators, but, as some of tlie earlier theories have
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long been proved fallacious, no discussion of them is necessary

at this time. Among the later theories may be mentioned that

of Beijerinck (3), who was the first to prove that the disease

was effective oidv through the dividing colls, and held the view

that the disease was caused by a liquid or fluid contagium (a

definite, distinct substance having characteristic properties).

This theory has not been proved, however, and the causative

agent or agents are not held to be necessarily a single special-

ized product.

In support of Beijerinck's theory it may be said that, upon

crushing the leaves or rublnng them between the fingers and

then successively touching the terminal bud of other plants in

the field which are not affected with mosaic, in some cases

mosaic will occur on the leaves, developing after the buds have

been touched. This, however, we are inclined to think is more

due to the fact that the tender buds have been touched with the

fingers, causing some bruising or abrasion of their cellular sub-

_
stance rather than to any specialized contagion transmitted

from the diseased plant. Wliere the juice of diseased plants

was sprayed on the terminal bud, how^ever, we were unable to

transmit the disease except in very few cases. Experiments

were conducted to determine the truth of this observation, and

the method of doing this has been to rub a diseased leaf between

the fingers, then to touch successively the terminal buds of a

number of other plants unaffected with the mosaic with the

hand which had been rubbed with the diseased leaf; then on

another 'series of plants the hand was rubbed with a leaf which

had no mosaic, and the j^lants successively touched, without

touching any plants which were affected with the disease. In

a great number of eases the disease appeared on the plants

which were touched with the hand rubbed with the diseased

tissue, Avhile those touched with the hand which had been

rubbed with a healthy leaf were nearly all normal, only a few

developing the disease. This method of infection has been

used bv other investigators. The infection, however, we do

not believe to be caused by a specialized virus, hut rather hy

a combination of enzymes, which view has been held by A. F.

Woods, and also proved by us at this laboratory.

The direct cause may be found in the presence of free hydro-
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gen j)t'r(.xi(le or some other residuary 1)_v-])ro(luct of })lanl me-

tabolism which has been allowed to remain nnassimilated in the

cells of the leaves throngh the excessive development and re-

tai'dation of certain enzymes. We have shown conclusively

in previous experiments that catalase in the diseased leaves was

present in far less amounts than in healthy leaves, and as it

has be*en found and proved by Loow (4) and other investigators,

j)rinci])any Jensen (5), that the chief function of catalase seems

to be its power of destroying free hydrogen peroxide, breaking

it up into water and oxygen, and this in so powerful a manner

as to be observable in the presence of the least amount of

catalase, nnd also as there was an excessive amount of other

enzymes present, of which we will speak later, we arc led to

conclude from the observations and experiments carried on by

us that the disease is not caused by a specialized virus. There

is no doubt whatever that the disease is infectious, but it may
be stated with equal certainty that the trouble is not con-

tagious.

The disease being caused primarily by the excessive action of

certain enzymes and a corresponding reduction of function of

others, it is easily seen that any disruption of the normal

metabolism of a plant "will tend to produce the disease, and also

A. r. Woods has pointed out that the excess enzymes in de-

caying roots, etc., are able to start up these changes and so

produce the disease. The more technical experiments which

w^e have carried on supporting these views will be given in

another paper.

The secondary causes are by far the most important to the

grower, as in many instances he can by careful attention re-

move or control the conditions, especialh^ in the seed bed.

Among these causes may be mentioned too high a temperature

in the seed bed, accompanied by excessive moisture or too little.

Soil moisture conditions alone do not seem to be of any effect

as a causative agent. This has been shown by various investi-

gators, and was not ]iarticularly studied by us. Where the

trouble shows in the seed bed and is not brought on by too high

a temperature it may be due to the following causes, as has

been dcfluccd from our observations and ex])(»riments:—
The seed bed may have been used for several successive years
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without change or rest, and thus the soil has become inoculated

with the causative enzymes ; or roots and diseased plants may

have been left inadvertently in the soil, and on their decay the

enzymes persisted. This condition may he remedied l)y

thorough sterilization with steam, or by using beds which have

not grown tobacco before, -or by letting the beds grow to grass

for a year or two before using again, two years being better

than one. The activity of the noxious enzymes appears to les-

sen during this time, and finally ceases. Although we have

not verified the following in our experiments, it is stated that

too high a nitrogenous soil content will sometimes cause the

disease in the seed bed.

Improper sterilization of the seed bed will sometimes in-

crease the disease for the following reasons : the soil which is

improperly steam-treated renders certain of the plant foods

more available, and yet does not render the enzymes inactive,

and thus for a time accelerates plant growth by excessive forc-

ing, rendering the plant more liable to attacks of disease dur-

ing the period of forcing. This condition has been observed

occasionally by us and can be explained on no other grounds.

As a result of the improper sterilization the temperature of the

soil is not raised sufficiently to kill the enzymes, and therefore

they remain active in the soil. Thorough sterilization will kill

enzymes, or at least two sterilizations will kill them, thus get-

ting rid of the residuary zymogen or revivified enzyme.

Ix^ THE Field.

As has been pointed out by other investigators, there are

many ways of contracting the disease in the field, but it has Ijeen

definitely proved that excess or lack of mineral fertilizer alone

v/ill not cause the trouble. This idea was first advanced by

Meyers (G) and Beijerinck (7) who showed that the disease

could not be brought on by excessive use of mineral fertilizers,

although a leaf distortion due to overfeeding is quite often

observed. These results were verified in our work in the labo-

ratory and field.

One of the chief causes of the production of the disease is,

without doubt, — as has been pointed out by Woods (8), Sturgis

(9) and others,— improper methods or carelessness in trans-
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planting. We are inclined to think from our observations that

fully 80 per cent, of the diseased plants, ijarticularly in this

locality, may be traced to improper transplanting. It has been

shmvn that when the roots are lacerated in any way the trouble

may gain a foothold, as the metabolic or life processes are thus

deranged, and a condition favorable to the disease is introduced.

We have found that when the roots are broken or torn to any

great extent in removing the plants from the seed bed they are

often liable to become diseased. With regard to this point we

may quote from a Coimccticut station report :
—

In this connection Mr. Barnes of Hatfield related the following:

" Young plants wei-e taken from the same seed bed by two different

farmers, and although the soil of the fields was the same, one farmer

had many mosaic jiLants in liis field and the other had almost none.

Inquiry revealed the fact that one farmer took the plants from the

seed bed when it A\as quite dry, the other Avhen it was well moistened.

In taking the plants from a dry bed one cannot help lacerating the

roots, while from a well-moistened bed the roots may be drawn in an

almost intact condition. Lacerated roots do not generally develop to

such a vigorous state as is required by a quickly gi'owing tobacco

plant."

We made experiments in regard to this point and the above

observation was veritied. In the majority of cases of the dry

plants a large percentage developed the disease. The remedy in

this case suggests itself, that is, the seed bed should be in moist

condition when the plants are removed, but not so wet as to

have any adhering ball of earth on the roots ; but this condition

is rarely found, as very little soil remains on the roots when

they are taken from the seed bed.

After the disease appears in the field it is practically im-

possible to control it, l)ut it does not usually make its appear-

ance on plants not affected in the first few weeks of growth.

Mild cases of this trouble sometimes appear when the flower

bud is left on, as has been shown by A. F. Woods, and the

mottled appearance often shows on ])lants which have been

topped on the subsequent growth, i.e., the suckers. Soils of a

compact, clayey character also sometimes induce the disease in-

directly by requiring constant close cultivation to prevent pack-
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iiig, and as a result the roots arc often lacerated, uneven growth

resulting, thus bringing about abmu-nial changes in the proc-

esses of plant metabolism.

It is stated that broad-leaf tobacco is more liable to this dis-

ease than Havana, but we have been unable to verify this state-

ment locally.

Shade-grown or tent-groAvn tobacco is said to be less liable to

the disease than that grown without shade. This has been our

experience and is borne out by the statements of practical

growers who have grown both kinds. The conditions governing

growth under shade are of course more uniform than in the

field, and a more regular and slower development of the plant

is brought about.

Seed.

Various investigators have pointed out that the disease is

not transmitted through the seed, as it has been shown repeat-

edly that seed from mosaic plants will produce healthy plants

and vice versa; also that there is no difference in the seed pro-

duced by cross pollination as regards susceptibility to the dis-

ease, and this has been so repeatedly proved as to need no veri-

fication. It is a fact, however, that the heavy seed of tobacco

wdll produce larger, better and more uniform plants through

careful selection, and as this laboratory has made a specialty

of separating the seed for the growers for the last few years,

observations on the prevalence of the mosaic were made among
the fields each year, and it was found that growers who were

having their seed separated each year had less and less trouble

with mosaic, due somewhat to the selection of a more vigorous

seed. Only the heavy seed was planted, and only the seed of

the ])est plants saved; thus a process of seed selection was prac-

ticed and naturally an improvement in the quality of the plants

was found. The seed is separated by a blast of air, and a de-

tailed account of the method will be found in one of the bulle-

tins (10) of this station. In experiments carried on at the labo-

ratory it Vt'as found that the plants from heavy seed were less

liable to the trouble than the light, discarded seed ; these latter

did not produce strong, healthy plants, but were weak, and

thus more liable to the trouble when favorable conditions were
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present. It must be understood, however, that there is nothing

inherent in the seed itself which wuuhl cause the trouble; it is

simply a matter of getting strong, viable seed to produce vigor-

ous plants.

Review.

A more or less popular account has been given in the preced-

ing pages of the cause, appearance and general characteristics

of this interesting disease, and a later report v>'ill take up the

more technical part of the work, when most of the experiments

carried on will be described. At this time a brief review of the

l)receding pages will be given, in order to summarize the facts

presented.

1. "Mosaic," "Brindle," "Calico" or "Mottle top" of

tobacco is a physiological disease purely and has no fungous or

bacterial origin. It is caused by the excessive activity of the

oxidase and peroxidase enzymes in the plant and the partial

loss of function of catalase, another enzyme, which carries off

some of the residual products of the others mentioned. It is

not due to one enzyme alone nor to any specialized virus.

2. It is infectious but not contagions. Care should be exer-

cised not to touch the terminal bud of healthy plants with any-

thing which has come in contact with diseased plants.

3. It does not occur in the seed beds when new soil is used

nor in properly sterilized seed beds.

4. Improper sterilization of seed beds or old beds tends to

intensify the disease if present.

5. The tcm])erature of the beds should not be allowed to run

too high for any length of time. It is better to run the bed

rather cool than too hot.

G. Where a seed bed is infected it may be grown to grass for

a year or two and then used again for tobacco.

7. An excess of mineral fertilizers in the field does not cause

the troulde nor intensify the disease.

8. Care shoidd be exercised when the stems are used for

fertilizer that the stems of mosaic ])lants are not used, as they

may prove a source of infection.

9. Excessively clayey soils should be avoided, especially in

growing Havana tobacco.

10. Once the disease appears on a plant all subsequent growth
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will 1)0 mosaic to a greater or less extent. A badly aiTeeted

plant is worthless.

11. Shade-grown tobacco is less liable to the disease than

ordinary field-grown, as a more nniform growth is obtained.

12. Great care should be used to remove the plants from the

seed bed when the soil is moist, as thereby the roots are less

liable to injury and few are broken. They should not be al-

lowed to dry out.

13. Thorough and timely cultivation will do a great deal

towards the prevention of this disease.

14. Careful seed selection and separation will also help the

grower by giving him stronger and more vigorous plants.

In conclusion it may be said that if care is used and sufficient

attention paid to all stages of the growth from the time the seed

is planted until the plants are mature, and the results studied

and acted on rationally, the amount of mosaic will be greatly

lessened, and, in fact, practically eliminated from the field. It

should be understood, however, that under adverse conditions,

such as unsuitable soil, etc., one cannot expect to eradicate this

trouble.

In a future paper will be taken up the more detailed and

technical work performed by us in the study of this trouble,

also additional notes on similar diseases of other economic

plants.
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THE YALUE OF OATS FOR MILK PRODUCTION.

J. n. LINDSEY.

Oats arc held in high esteem as a food for all classes of farm

animals, and particularly for horses. They arc also regarded

as a valuable food for milk production, aUhough their relative

cost, especially in the east, has prevented their general use for

this purpose. For example, the average wholesale price for a

ton of oats in 1910 was $29.51, and for the first eight montlw

of 1911 it was $20.99, as against $20.39 and $23.88 for corn

meal.

The fact that oats are so highly regarded for the production

of milk led the station to conduct three demonstration experi-

ments with dairy cows, comparing ground oats with a like

amount of corn meal.

The Composition of Oats.
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those that have been well formed. The percentage of hulls

varies between 20 and 35, with a probable; average of 2G. It

was held formerly that they contained an alkaloid avcniii which

accounted for their j^eculiar etl'ect in imi)arting spirit to horses,

but more recent investigations have failed to identify this

product. E. Schulze identified an alkaloid Trigonellum in the

oat, but the amount found was so small as to be without in-

fluence as a stimulant.

The corn meal fed in the present experiment was the usual

m.aterial now offered in the general markets. It evidently was

not ground corn kernels, but a sifted product resulting from

the manufacture of cracked corn. The analysis of corn meal

given for comparison represented the average of 119 samples

of ground corn kernels. It is higher in protein and fiber and

lower in fat than the sifted product.

Oats differ from corn in having noticeably more ash, rather

more protein and decidedly more fiber.

The Digesttbiltty of Oats,

The coeiEcients of digestibility were not determined in the

particular sample fed. Here follow the average cc/cfficierits ob-

tained for American and German oats :
—

American.' Foreign.

2

(\jrn Meal
for Com-
Dari.son.

Dry matter,

Ash, .

Protein,

Fiber,

Extract matter.

Fat, .

' I/inrl.soy. ' Kellner.

A])plying the above eoefncients to the average composition of

American ami foreign oat^;. and to the average analysis for

corn meal, we have the following amounts of digestible matter

in 100 pounds: —
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In experiments of this sort care must be taken to keej^ the

basal ration low, so tliat when the food to be tested is added the

total ration shall still be below the animal's average require-

ment.

The food cost of the milk produced in case of the three ex-

periments was 3.5 per cent, higher for the oat than for the corn

ration. If somewhat less of the basal ration had been fed, it

is thought that a still greater difference would have been brought

out.

In general, it is believed that while oats are a valuable food,

it is not economical to feed them for milk production in Massa-

chusetts, and that they are inferior in nutritive value to corn.
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SOME PRACTICAL RESULTS OF FEEDING
EXPERIMENTS.

J. B. LIKDSEY.

Feeding Effect of Eaw Potatoes.

Ill the spring of 1910 potatoes were plentiful and cheap, and

some farmers fed them to their dairy animals rather than throw

them onto the field. The complaint came to the station that

potatoe-s thus fed caused a notiecahle shrinkage in the fat of the

milk, and that the cows dried off rapidly. In order to note

the validity of such statements three grade Jersey cows were

selected that had been in milk since the preceding autumn.

They were each given a basal ration of hay, bran and gluten

feed, and after an interval of five days potatoes were gradually

added and the amount of hay somewhat reduced as the amount

of potatoes fed was increased.
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The cows consumed tlio cut potatoes readily and without

any disturbance until tiicy received 50 pounds daily. It was

then noted that a little digestive disturbance began to manifest

itself, and, the sup])I_v of potatoes being limited, the trial was

broken off as soon as possible. The potatoes, esjiccially during

the latter days of the trial, wore of inferior quality and watery.

If the amount of hay fed daily had been further reduced, and

had the supply of potatoes held out and been of better quality,

it is possible that the aninnils would have consumed more with-

out trouble.

Average Da ill/ Yields of
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the percentage of solids not fat showing a noticeable decrease.

One does not feel justilied, therefore, in drawing any positive

conclusions otlicr than to state that the chemical composition

of the milk was not in anv way adversely affected. Unfortu-

nately, ohscn-valions npon the fhivor of the milk were not made.

Covchisions and Ohservahons.

1. When potatoes are cut and fed in amounts np to 25 pounds

per head daily, they in no way affect the health of the animal

or the yield or quality of the milk.

2. The feedino; should begin gradually, and when the sup])ly

begins to get low the amount should also be decreased grad-

ually. They should always be fed with reasonable amounts of

grain and hay; one of the concentrates should be fairly rich

in fat. If fed in too large amounts at first, or in excessive

amounts, or without the necessary amounts of other feedstnffs,

they arc likely to cause diarrha>a, colic and bloating. Such

conditions naturally disturb the entire equilibrium of the ani-

mal and result in loss of flesh, decreased milk yield and a gen-

erally debilitated condition. They should not be fed with malt

sprouts or molasses, and with only limited amounts of silage.

BcsuUs of Foreign Ohserrations.

Kellner ^ writes concerning the German experience in feed-

ing raw potatoes, from which the following is a resume: —
An opinion has been handed down from earlier times, and

still more or less prevails, that raw potatoes cause inflammation

of the stomach and intestines, resulting frequently in digestive

disturbances such as diarrhoea, bloating, colic, and, in case of

young animals, lameness. Such disturbances he attributes to

the fact that exceptionally large amounts of potatoes were fed

— up to 100 ])ounds or more daily— without the addition of

suflicient amounts of other feedstufl's. The fact must not be

lost sight of that different animals are differently aifected by

raw potatoes. The most sensitive is the horse, then follows the

sheep, while the steer and cow are able to consume them with

less trouble.

' Die Emiihrung d. Laiulw. NiUzthioro, fiinfte Auflago, pp. 327-329.
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Fatlcninr) steers can take as high as CO pounds of raw po-

tatoes daily per 1,000 pounds of live weight. Small amounts

should be given at first, followed by a gradual increase, together

with 2 to 3 pounds of linseed meal or other feedstull's fairly

rich in fat, in addition to some other grain and hay or straw.

If it is desired to cease feeding the potat(X3S this also should

be done gradually. Potatoes may also be mixed and fed with

other roots, especially mangolds.

Worhinfj oxen should not be given more than 20 pouiids daily

per 1,000 pounds of live weight, preferably mixed with cut

hay or straw, in addition to their grain ration.

Milch cows should not, as a rule, receive over 25 2'>ounds daily

per 1,000 pounds live weight, together with some concentrate

rich in oil. Kellner states that larger amounts are likely to

produce a thinner milk possessing an unpleasant taste, the

latter lasting for some time after the removal of the potatoes.

Churning is likely to be long delayed when milk is used from

cows fed with large amounts of potatoes.

Dry coirs to be fattened, on the other hand, can be given as

high as 40 pounds of potatoes daily, in addition to the feed-

stuffs above named.

It is not advisable to feed potatoes to yearlings and heifers

ivifh first calf, although from 10 to 15 pounds daily may be

given steers the second year.

Sheep may be fed with 2 to 3 pounds daily per 100 pounds

live weight.

Horses that are obliged to work hard and to move fast should

not receive over 2 to 3 pounds of potatoes daily per head,

although slow-working farm horses and three to four year old

colts in foal may take as high as 12 pounds daily without

trouble, in place of one-third of their grain ration. One must

use good judgment and be very careful in feeding potatoes to

horses, otherwise troubles such as diarrhoea and colic are very

lik'cly to result. In all cases where potatoes are fed it is im-

portant that they be of good quality, that they have not sprouted,

and that they be cut and fed mixed with an equal amount of

cut hay or straw and some salt.



60 EXPERIMENT STxVTIOX. [Jan.

Molasses por Eak^f Stock.

Rosidiuiin molasses from the sugar beet factories is largely

used in Europe as a food for farm stock. It is fed either di-

luted with water as a drink or mixed by the feeder with a

variety of substances to absorl) it, such as finely cut hay and

straw, brewers' dried grains, malt sprouts, wheat bran, cocoa-

nut cake, dried l)eet and potato residues.

In ISTew England eane molasses is brought in tank steamers

from Porto Eieo, and the grades unsuited for human con-

sum])tion are freely offered at about 10 cents a gallon of 12

pounds, in barrel lots. Beet molasses is also sold, usually

mixed with beet pulp, or as a component of proprietary mix-

tures.

Composillon of Molasses.

The composition of eane molasses used as a cattle food is

substantially as follows:-

—

Ter Cent.

Water, 24-28

Ash, 0-7

Crude protein, .......... 2-3

Sugars (cane, dextrose and fruil), ...... 55-58

Gummj^ or luiei-vslallizcd cai'boliydrates, ..... 7-10

Molasses, therefore, consists of about one-fourth water and

the larger ]-)art of the balance of sugars and allied substances.

The crude protein is a negligible quantity, while fiber and fat

arc not present.

Beet molasses contains more crude protein than eane molas-

ses, but it is in a form that renders it of litfh^ value as a flesh

former.

Molasses has the same type of com]iosition as corn meal,

both being low in protein and very high in carl)ohydrates. The

drv nuiterial of molasses differs chemically froju corn meal in

C07itaining even less proteiu with an inferior nutritive value,

more ash, and in having its carboliydrates in the form of sugars

rather than starch.
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DigestihiUlij of Molasses.

It can be assumed with safety that molasses, being soluble

in water, is easily digested and assimilated when fed in reason-

able amounts. If fed in excess it is. likely to affect adversely

the heart and kidneys and to appear undigested in the urine.

Effect of Molasses on Diyestibility.

As a result of numerous experiments it may be stated (a)

that while molasses is completely digested, it does not improve

the digestibility of the fcedstuffs with which it is fed, but

actually causes them to be less digestible (the average being

8 per cent.), and (h) that the addition of molasses to a ration

slightly lessens the digestibility of the entire mixture. Only

when 20 per cent, or more of molasses is added to a ration is

the digestibility of the mixture slightly increased above the

digestibility of the same ration fed without molasses. It is

not advisable, as a rule, to feed a ration containing over 15 per

cent, of molasses, so that nnder ordinary feeding conditions it

may be stated that a total ration containing that amount of mo-

lasses ^^^ould not have a higher digestibility than if fed without

it. for the reason that the complete digestibility of the molasses

itself is offset by the digestion depression which it exerts on the

other feedstuffs.

Relative Value and Use of Molasses.

It must not be understood that because molasses lessens the

digestibility of the other feedstuffs, or does not improve the

digestibility of the mixture of which it is a component, that

it has no feeding value. In fact, 2,000 pounds of molasses

have substantially three-fourths of the nutritive value of corn

meal, and if corn meal retails at $30 a ton, from the stand-

point of nutrition, one can afford to pay $22.50 for a ton of

molasses. Aside from its nutritive effect it possesses other de-

sirable qualities to which allusion Avill presently be made.

Mola!<ses for Dairy Animals. — Three to 5 pounds of molas-

ses may be fed to cows daily in place of a like amount of corn

meal, either in water as a drink or pnrtly diluted with water

and sprinkled over the hav or cut corn sto^'er, or mixed with
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the protein concentrates. The writer, however, does not see

any adxantage to be gained by northern farmers from the use

of molasses as a food for dairy stock in ])lace of corn meal and

similar carbohydrates. As an appetizer for cows out of con-

dition and for facilitating the disposal of unpalatable and in-

ferior roughage and grain, 2 to 3 pounds of molasses daily

undoubtedly would prove helpful and economical.

For fattening Cattle.— Some 3 pounds daily of molasses

may be fed advantageously, especially during the finishing proc-

ess Avhen the appetite is likely to prove fickle. The object at

such a time should be to make the food especially palatable and

thus induce a maximum consumption, and also to secure a

bright, sleek appearance.

For Horses. — French and German investigators have

studied and recommended the use of moderate amounts of

molasses for horses. It is recommended as a condiment to be

mixed with otherwise unpalatable foods, for its influence in

improving the appetite and digestion of horses out of condi-

tion, and likewise for its favorable effect in case of colic. The

writer of this article is not inclined to recommend the in-

discriminate use of molasses in place of cereals and their by-

products. As an appetizer and tonic for horses out of condi-

tion, as a colic preventive, and for improving the palatability

of rations, 2 to 3 pounds daily undoubtedly will prove pro-

ductive of satisfactory results. To facilitate the mixing with

grains or roughage it is best to warm the molasses and then

add a little warm water to dilute it.

For Pigs. — Favorable reports are made in the German liter-

ature relative to the use of molasses for pigs. At this college

satisfactory results were secured at one time by stirring 50

pounds of low-grade flour into a barrel full of water, steaming

the mixture for an hour or more and then adding a gallon of

molasses. The writer, as a rule, sees no particular advantage,

under ordinary conditions, for the northern farmer to employ

molasses in pig feeding other than as an appetizer.

Molasses Feeds.

Molasses feeds usually consist of cereal grains or their by-

products, such as oat clippings, oat and barley hulls, ground
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grain screenings, flax shivcs, ground alfalfa liay, one or more

protein concentrates (usually cottonseed meal or gluten feed)

and one-fourth to one-third molasses. The molasses is used for

the threefold purpose of disguising the inferior feedstuifs, for

improving the palatability of the mixture, and as a direct

source of nutrition. The grain hulls, screenings, and the flax

shives are used because they are relatively cheap, and also to

serve as an absorbent for the molasses. The cereals themselves,

at times, are of an inferior character, being imperfectly de-

veloped or moldy. The cottonseed meal and gluten feed are

used to increase the protein content of the feed. Flax shives

consist of the ground stalks and pods of the flax plant, and

have a decidedly inferior feeding value. The better class of

grain screenings possess considerable nutritive value. A num-

ber of years since, the writer studied the nutritive value of mo-

lasses feeds and found them to be moderately digestible (69

per cent., as against 62 for wheat bran, 79 for cottonseed meal

and 88 for gluten feed and com meal). During the last few

years it is believed that the general character of these feeds

has somewhat improved, in that the grain screenings have been

ground, the protein content of some of them materially in-

creased, and the fiber percentage lessened, all of which would

tend to increase their digestibility. One notes at present, ex-

tremes of from 16 to 25 per cent, of protein and from 8 to 16

per cent, of fiber. A molasses feed that contains 18 per cent,

of protein, and not over 9 per cent, of fiber, is worthy of con-

sideration by feeders, providing it can be bought at a reasonable

price. The tendency has been for the manufacturers to give

theui attractive names, make exaggerated claims for tliem and

to sell them at prices in excess of their value. It is believed

that local dealers secured a greater margin of profit on such

mixtures than on staple feed articles.

It is not intended to discourage the utilization of low-grade

by-products; when, however, they are disguised and sold at sub-

stantially the same prices as high-grade feeds, attention should

be sharply called to the fact.

This autumn (1912) molasses dairy feeds retailed at from

$27 to $34, and the horse feeds at from $34 to .$40 a ton. It is

believed that the average feeder can do better by purchasing
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staple grains and standard l)y-])rodncts and mixing- liis own ra-

tion. Advice concerning special Inlands cannot be given in this

article. The feeder mnst stndy the gnarantees and cost of the

feed mixtures and use his best judgment, or seek the advice of

the experiment station.

The Food Value of Plain and j\roLASSES Beet Pulp.

A few years ago ^ the writer published a brief review of the

value of beet residues for farm stock. Since this publication

two experiments have been made at this station, comparing

l)ofh the plain and molasses pulj) (dried) with corn meal for

milk production.

Peet pulp is the residue from the manufacture of sugar from

sugar beets. The di-icd plain i)ulp is coarse and of a gray

color. ]\[olasses l)eet pulp is the pressed plain i)ulp mixed with

the residuum beet molasses and dried. Another method of

making the molasses pulp is to mix a definite amount of molas-

ses with the dried pulp. It is understood that but little mo-

lasses pulp is now being made.

Composition of the Boct Pulp.
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was without fiber. Tho amount of molasses added to the pulp

appears to vary more or less in different samples.

Both the phiin and the mohisses pulp are carbohydrate feeds

simihir to corn mea], being rchitively low in protein and high

in carbohydrates.

Pounds of Digcslible Mattel- in a Ton.
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trial the corn meal ration caused an increase of some 3 per

cent, of milk over the molasses pulp ration. These results are

CA'idently within the limit of a reasonable experimental error,

and one can conclude that the corn meal and beet pulp as com-

ponents of a ration had about the same effect.

If the pulp can be purchased at a cheaper price per ton than

th(! corn, it would prove a little more economical for dairy

animals. If fed in an amount exceeding 3 pounds per day, it

should be moistened with two to three times its weight of water.

The Place of Dried Beet Iiesiducs hi Farm Economy.

Fanners who are in position to produce their own feed cannot

afford, as a rule, to purchase starchy feedstuffs ; they should

be produced uj^on the farm in the form of corn, oats and barley.

For milk production it is much more desirable to purchase ma-

terials rich in protein, such as cottonseed and linseed meals,

dried distillers' and brewers' grains, gluten feed, malt sprouts,

fine middlings and even bran. These feedstuffs are not only

very helpful in milk production, but likewise supply large

amounts of nitrogen in the resulting manure. When the supply

of home-grown corn is exhausted or limited, beet residues may
be substituted for fattening stock and as one-third of the grain

ration for dairy purposes. Milk producers who purchase all

of their grain will find the dried pulp a satisfactory compo-

nent (one-third to one-half) of the daily grain ration. It can

also be fed as a partial substitute for roughage in amounts

of from 8 to 10 pounds of dry pulp daily. It should be mixed

with two to three times its weight of water.
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EFFECT OF FROST ON CORN.

J. B. LINDSEY.

So far as known, accurate data on this snbjoct arc not avail-

able. On Sept. 1, 1911, a severe frost occnrred in New Eng-

land, and most of the corn was severel-y frosted. At the ex-

periment station the frosted corn was allowed to stand imcut

for some two weeks, at which time samples of the different va-

rieties were brought to the laboratory for examination. The

ordinarj^ analysis revealed little new, excepting that the fiber

percentage seemed to be larger than is usually the case. It

is doubtful if a more thorough chemical inquiry would give

any definite information, for the reason that so many factors

enter into the problem, such as variety, stage of growth and

time of frosting. In order to get the necessary data, the follow-

ing conditions would be necessary: (a) samples of corn secured

within a day or two before frosting; (h) samples immediately

after frosting; (c) if frosting occurs at this station between

September 1 and 5, samples also to be secured of both frosted

and unfrosted corn some two to three weeks after frosting, time

of cutting to be the same in each case. By such a method one

would be able to get comparative data. The mere taking of a

sample after frosting is not likely to prove helpful if unfrosted

samples at a similar stage of growth were not available for

comparison.

What rEOBABLY occurs.

It seems probable that something like the following happens

when corn is badly frosted :
—

1. The cells of the plant burst, discharging the cell contents,

and further growth ceases. This first evidently affects the

leaves, husks and upper part of the stalk. It is doubtful if

the cars and inner portion of the larger part of the stalk are

touched.



68 EXrEHLMExXT STATION. [Jan.

2. The more immature the crop the more the damage and

vice versa, hccause (a) frosting checks further development and

(6) the plant, being in an immature state, is more easily de-

composed by micro-organisms.

3. The contents of the ruptured cells fall an easy prey to

bacteria, are decomposed, and their food value lessened or de-

stroyed. It is doubtful if the organic matter already com-

jilctcly formed, such as fiber, starch and protein, is attacked.

It is the material in process of formation that suffers deteri-

oration.

4. The rupture of the cells causes the water content of the

more tender portions of the plant to dry out rapidly, and these

parts become brittle, break off and arc lost.

How TO HANDLE FkOSTED CoUN.

It would appear, therefore, that the losses are threefold: (a)

fui'tlun- growth checked ; hence, the earlier the frost, the more

serious the loss; (h) chemical; (c) mechanical.

In case the corn is intended for the silo, the quicker the crop

is ensiled the better. If the crop is not to be ensiled, it may
be allowed to stand uncut for a week or two. It should be cut

and stacked between September 20 and October 1. The extent

of the injury, expressed in figures, is difficult to state. The

greatest loss is evidently due to the checking of further gro%vth,

and the second greatest is probably mechanical, due to rapid

drying and falling away of the leaves and external portions

of the stalk. Palatability may be somewhat lessened. These

combined losses are not as serious as are often imagined, the

plant still retaining the larger part of its feeding value.
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BEET SUGAR IN NEW ENGLAND.

J. B. LINDSEY.

The Massaclnisetts Agriciiltural College investigated the sub-

ject of sugar beet production in this State as early as 1870. In

its eighth report for 1871 the late Professor Goessmann pub-

lished a comprehensive review of the sugar industry— beet,

sorghum and cane— both at home and abroad. A large amount

of valuable data is therein collated.

In the report for 1872 he gave the results of experiments

conducted upon the college farm and elsewhere and drew the

following conclusions :
—

1. It is possible to grow beets of high sugar content in

Massachusetts upon well-drained mellow loams when proper

attention is given to fertilization and cultivation.

2. Whether or not the industry will prove profitable in

Massachusetts depends upon the area that is available for the

cultivation of the beet, and whether the necessary capital can

be secured to erect sugar factories for the extraction of the

sugar.

Later, considerable beets were grown in the vicinity of

Franklin, jMass., and a small factory erected for the manufac-

ture of the sugar. This enterprise did not meet with success,

owing, among other things, to the crude methods employed in

the factory and the relatively small supply of beets available.

The industry has languished since that time in this State, al-

though it has thrived particularly in California and Michigan.

In order to make the industry a success large tracts of com-

paratively level land must be available, and the factory must

be loeated as near the center of the area as possible. It is

dnnbffnl if the hill towns of the State would be suited to the

conditions, the beets having to be transported to the factory

either liy rail or wagon. It is believed by the writer that the
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land in other portions of the State— the Connecticut valley,

Worcester County, etc. — is more valuable for the production

of other crops, such as tobacco, onions and vegetables, than it

could be for the production of sugar beets. Brooks, in his

book entitled ''Agriculture," states his opinion as follows: —

Tlie production of sugar beets is hardly likely, in the opinion of the

writer, to prove ]M'ofitable in the New England States. In that section

greater profits can be derived from the cultivation of numerous other

crops to which the soil and climate are suited and which can be readily

disposed of in the markets of that section of the country.

Tt is not true that beets improve the fertility of the land.

Sugar beets thrive best in deep, rich mellow loams. Well-rotted

stable manure, green crops plowed in, supplemented with phos-

phates and high-grade sulfate of potash, preferably applied

in the autumn, are the most suitable fertilizers. It would be

useless to try to grow sugar beets on shallow, unfeii:ile soils.

The writer is, therefore, of the opinion that while the climate

is satisfactory and a considerable area is suited to the beet,

economic conditions are not favorable to the production of beet

sugar in Massachusetts.



1913.1 PUBLIC DOCUMENT— No. 31. 71

MALNUTRITION OR OVERFERTILIZAITON OF
GREENHOUSE CROPS.

II. D. IIASKINS.

Crops grown in grcenlionses nnder somewhat artificial con-

ditions are likely to snlfer from a variety of troubles. In this

paper data will bo ])resentcd which strongly indicate that im-

perfect growth and development are due in many cases to an

accnmnlation of soluble plant food rather than to fnngi and

bacteria.

Co^^DiTiox OF Diseased Cucumber Crop.

The pathological description of the affected crop is briefly

as follows :
—

The plants, which at first are usually very vigorous, turn

yellow prematurely and fail to develop fridt. The leaves be-

come more or less spotted, resembling the mosaic troubles some-

times seen on other plants. WTien studied with the microscope

no fungous disease is apparent. The trouble does not usually

develop until the third year after the soil has Ix^en placed in

the houses, and its appearance seems to depend wholly upon the

manner in which the soil has been prepared and managed.

Method of 'preparing the Soil — In those eases where the

trouble has been experienced the third year, the preparation of

the soil has consisted in mixing equal amounts of pasture sod

and horse manure and allowing it to remain a couple of months

before transferring it to the houses. Upon placing the soil

in the houses more manure and also some lime were added, and

when the cucumber plants were set a trench of horse manure

and chopped straw was used beneath to furnish imderground

heat. During the growth of the crop a considerable quantity

of nitrate of soda and chemical fertilizer was supplied. This

treatment must necessarily result in a very rich soil which pro-

duces a heavy crop the first year.
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The treatment of the soil the second year consisted in spading

in a heavy Layer of horse manure and in worlcing into the soil

the availahle ])ortion of the mannre which was used in the

trenches for heat the previous year. Trenching with manure

for und(>rground heat was again resorted to, and the nitrate of

soda and chemical fertilizers were used as in the previous year.

This general treatment is followed for each successive crop until

the result is a crop failure.

Cliemical A naJysis of Such Soils. — In the following table

is given a chemical analysis of a soil which had served for three

successive years in a greenhouse for cncMnnhers. In ordcn- that

any one unfamiliar with the interpretation of soil analyses may

understand the extent to which the plant food has accumulated,

the average analysis of 38 samples of barnyard manure is given

for comparison.

Analysis
of Barnj'ard
Manure,

Average of
38 Samples.

Moisture,

Organic matter, .

Nitrogen,

Potash,

Phosphoric acid.

Calcium oxide, .

Sodium oxide.

Magnesium oxide,

7.3.38

.42

.53

.31

The above results show the cucuml)er soil to be considerably

richer in nitrogen and phos]i]ioric acid than are the better

grades of mixed farm manures. Although this large amount

of lolal plnnt food in the soil may be an hnUcnilon that the soil

is too fertile, yet it is probable that the injurious effect is due

to the soluble or active portion of the constituents present.

Composition of Normal and Ahnormnl Soils. — Occasion is

here taken to bring together some results of analyses of abnor-

mal and normal cucumber soils. The abnormal soils were all

sent at various times by parties having trouble with their crops,
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in some cases resulting in failure. The normal soils giving

excellent results were i)rocured by the writer from well-known

growers in various localities in Massachusetts.

The laboratory method of examining the soil consisted in

leaciiing 400 grams with 1,000 cubic centimeters of hot water;

the resulting solution was evaporated to dryness on a water bath

and a chemical analysis nuide of the residue. The results in

Table Xo. 1 have been computed to parts in 100 parts of dry

soil for the sake of comparison.

Table No. 1. — SJiowing Per Cent, of Water Soluble Constituents in 100

Parts of Dry Soil.
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To bring out in a more striking manner the differences in

the two types of soil, the results have been computed in Tables

X^os. 2 and 3, on the basis of pounds of the various constituents

per aero of soil containing 20 per cent, moisture.^

Table Xo. 2. — Showing iJie Average Composition of the Ah^wrmal as com-

pared with the Normal Soils.

Pounds per Acre

Abnormal Soils

Average of

Five Analyses.

Normal Soils.

Average of

Three Analyses.

Total water soluble salines,

Soluble nitrogen,

Soluble potash, .

Soluble phosphoric acid.

Soluble calcium oxide.

Soluble sodium oxide,

Soluble magnesium oxide.

Soluble sulfates (SO3),

27,363

1,156

6,743

632

1,211

3,259

966

1,240

7,520

444

1,328

208

864

1,624

320

727

This table shows a marked increase of soluble plant food in

the abnormal soils. To express this amount of plant food in

tenns of fertilizers, a calculation shows that to furnish the

nitrogen would require S'-Vi tons of nitrate of soda; to furnish

the potash, 6% tons of high-grade sulfate of potash; to furnish

the phosphoric acid, 2 tons of 16 per cent, acid phosphate; and

to furnish the lime, 1 ton of hydrated lime. To express the

results in terms of a mixed fertilizer made up of the highest

grades of material it would require an application of l-it/o tons

of a formula testing 4 per cent, nitrogen, 23 per cent, actual

potash and 2.25 per cent, available phosphoric acid. It should

be understood that the results given in the above table represent

only that portioii of the ])lant food which is soluhle in wafer.

In Table Xo. 3 is shown the variation in composition of the

different sam]des in both types of soil.

Assuming that an acre of soil 1 foot in depth weighs 3,000,000 pounds.
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Table No. 3. — Showing the Pounds of Water Soluble Constituents in an

Acre of the Different Soils with Average Moisture Conditions {20 Per

Cent.).
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soil, was very near the danger mark, and no doubt it would be

good judgment to remove one-third of this soil and replace with

new before i)utting in another crop. That it is not necessary to

have such an excessive amount of soluble ])lant food present in

ordei- to grow satisfactory crops is proved by a reference to

sample C, listed under normal soils, which had been used for

three seasons with very satisfactory results. Xote the com-

paratively small amount of total and individual soluble salines

present.

In case of this latter soil, about one-half of the organic mat-

ter was derived from air-dried peat. The abundance of organic

matter present insured suitable mechanical conditions as well'

as the consei^vation of moisture. The writer is of the opinion

that a good quality of well-cured, air-dried peat, or even waste

from cotton mills, might be used to good advantage when pre-

paring the soil, in place of one-half of the horse manure which

is generally used. The use of peat would, of course, necessitate

an abundant application of lime (about 5 bushels per cord of

peat), and the soil should be mixed several months l)efore be-

ing placed in the houses, and should be worked over at least

twice during that time.

The above inquiry has been confined to the cucumber crop,

but almost any plant may suffer from overfertilization. It may
be stated that the various plant families differ in their ability

to withstand the effect of concentrated soil solutions. The

growth of young tobacco plants has been checked and the plants

seriously injured by about one-eighth as much water soluble

salines as were shown to be contained in the average abnormal

cucumber soil.-'

Effect of Oveufekttlization ox Sweet Peas.

Some of the crops grown by florists often suffer from the

effect of malnutrition. In 1911 four samjdos of soil upon

which sweet peas had been growing were forwarded to the sta-

tion for examination. Two of the samples were from houses

showing a satisfactory normal growth, and two were from

houses where the plants were unproductive nnd were suffering

' Sco article entitled, "Tobacco Injury due to Mnlnutrition or Overfertilization," in Part II

of the twenty-fourth annual report of this station, pp. 35-47.



i9i;^.] PUBLIC DOCUMENT— No. 31. 77

badly from some cause. Dr. Stone, the plant pathologist, ex-

amined sjiccimens of the jdants nnder the microscope, but failed

to lind them sufFeriiig from any disease caused by bacteria, and

sugg'ested a chemical examination of the soil.

The soils were washed out with hot water, and after the

water solution had been evaporated to dryness an analysis was

made of the residue. The average results have been figured to

100 parts of dry matter for the sake of comparison.

Total water soluble salines,

Soluble nitrogen,

Soluble potash, .

Soluble phosphoric acid,

Soluble calcium oxide (lime),

Soluble magnesium oxide.

Soluble sodium oxide.

In the following table the above results have been calculated

so as to express the amount of constituents present in pounds

per acre foot with normal soil moisture (20 per cent.) :
—
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coiistitiients than do the normal sweet-pea soils. Even the

normal soils show a very liberal amount of water soluble plant

food.

The normal soils showed the presence of .46 per cent, of total

nitrogen, and the affected soils .GG per cent., mostly in organic

form. The appearance of the soils indicated that a large

amount of horse manure had been iised in their preparation.

Soils to be used for sw^ect-pea culture should not have an

excessive amount of available nitrogen present, as it produces

a large watery growth of stem and leaf which results in

weakening the })lant and is unfavorable to blooming. The soils

examined were noticeably acid, a condition undesirable for this

crop.

Discussion" and Suggestions.

The results of our observation on all of the above greenhouse

soils suggest that there is a serious fault in the construction of

the beds and benches in many cases. Good drainage should

always be provided, and, in fact, is more important in the

greenhouse than in the open. The soil in the former case is

made much more fertile and does not have the benefit of oc-

casional heavy rains to cause leaching, as in the case of the out-

of-door soil. In the field there is always a free movement of

soil water after each heavy rain, and analyses show the drain-

age water to contain an appreciable amount of the various

mineral constituents. In fact, large quantities of soluble resid-

ual salines are thus removed from the soil each year.

A sufficient amount of all the elements of plant food in suit-

able and available forms should, of course, be supplied, and

a certain excess is even essential in order that the crop may
make a quick growth and be ready for the early market. Too

great an excess of horse manure should be avoided, however,

and chemical plant food should be used with the same care and

judgment that would be used when applying them to crops

grown in the open field. If 500 pounds of high-grade sulfate

of potash are considered the maximum amount to be applied

per acre (4,840 square yards), then 1.6 ounces would be the

maximum amount to ap]-)ly per square yard in the greenhouse.

In other words, a calculation can easily be made for the appli-

cation of all fertilizing materials in the greenhouse, and if this
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were always done instead of relying npon guesswork, cases of

overfertilization wonld not be so frequent, and just as satis-

factory crops would be grown.

To giye an approximate idea of the total amount of plant

food, as well as the available plant food furnislied by horse

manure when mixed with the soil in various proportions for

use in the greenhouse, the following table has been prepared :
—
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TOBACCO STALKS AS A FERTILIZER.

H. D. HASKINS.

Many mnnnfacturiiig industries are to-day supplying valu-

able by-products wbich have become recognized sources of avail-

able i^lant food. Thirty years ago some of these by-products

were considered of no special value, and were disposed of in

the most convenient manner. In more recent years, as the de-

mand for plant food has increased, manufacturers have been

led to investigate the fertilizing value of their by-products.

The farm, also, has waste products which should be carefully

preserved and" used in the most approved manner. The resi-

dues from different crops may vary widely in value, depending

upon the character and habit of the plant as Avell as upon the

nature of the material itself.

Tobacco furnishes perhaps as large a proportion of valuable

refuse material as any of the various farm crops grown in

Massachusetts. Since tobacco is a heavy feeder as well as a

large plant, and as it is cut before the plant has a chance to

develop its seeds, one may expect to find a large quantity of the

plant food constituents in the stalk. It is also possible that

a movement of plant saj) takes place from the leaf to the stalk

during the curing process.

The following analyses show the composition of tobacco stalks

from which the cured leaf has been stripped (usual process of

curing), also stalks from which the green leaf has been picked

in the so-called " priming " system of harvesting the crop.^

P)oth analyses have been calculated to the basis of 100 parts of

dry matter.

' The wide difference in composition of the two kinds of stalks cannot, perhaps, be wholly

attributed to method of harvesting, as they represent two different types of the tobacco plant.
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Tobacco Stalks
stripped.

Havana Seed
Leaf

(Per Cent.).

Tobacco Stalks,
Priming

System. Tent-
grown

(Per Cent.).

Nitrogen,

Potash,

Phosphoric acid,

1.10

1.00

.26

Only a relatively small amount of tobacco is " primed

"

at the jDresent time, but this method of harvesting seems to be

growing in favor. In either case the stalk has valuable ferti-

lizer properties which, if handled in the right manner, become

of considerable importance in maintaining soil fertility.

Statistics tell us that 5,700 acres were devoted to the tobacco

crop in Massa^uusetts for the year 1012. Communication with

several of the large tobacco growers brings out the fact that on

an average 8,666 Havana seed leaf plants are grown per acre.

The average Aveight of 10 stalks from which the leaf had been

stripped was found to be 6,58 pounds,^ which, computed on

an acre basis, would amount to 5,702 pounds. It. was found

that the water content of the stalks from different localities

varied considerably, the average being 52.94 per cent. In other

words, 3,018 pounds out of the total weight of stalks per acre

were found to be water, and 2,684 pounds, dry matter.

The analysis of two samples of stalks grown by the usual

method showed the following chemical composition on a dry-

matter basis :
—

Stalks received
from Oscar

Belden & Sons,
Bradstreet,

Mass.
(Percent.).

Stalks received
from G. P.
Smith, Sun-

derland, Mass.
(Percent.).

Phosphoric acid, ....
Potas.sium oxide, ....
Total nitrogen, .....
Water soluble organic nitrogen.

Active water insoluble organic nitrogen.

Inactive water insoluble organic nitrogen

.82

4.67

3.49

2.52

.23

.74

1 Weights secured in three different sections of the Connecticut valley.
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On the basis of the above figures, the stalks on an acre would

contain the following amounts of plant food :
—

Nitrogen, 87.23

Potash, 132.85

Phosphoric acid, 20.94

Applying the same commercial values that are usually given

to the plant food found in cottonseed meal, castor pomace and

other organic vegetable substances, the total value of the stalks

per acre would be about $24, or about $8.40 per ton of partially

dried stalks.-^ If this same valuation is applied to the total

product of the State, the commercial value of the plant food

found in the tobacco stalks grown in ]\Iassachusetts for the year

1912 amounts to $136,800.-

The usual method of handling tobacco stalks is as follows:

the stalks from which the leaf has been stripped are thrown out

upon the land during the fall and allowed to remain until

spring, thus permitting the rains and snows to dissolve any

valuable fertilizing material which the stalks may contain.

They are then placed in small piles, burned and the ashes scat-

tered over the adjoining land. If all of the plant food were

washed out of the stalks by leaving them thus exposed, this

perhaps would be an economical manner of disposing of the

material, but even then there would be the loss of a large amount

of organic matter which eventually would have furnished

humus.

The matter appeared to be of sufficient importance to warrant

a few chemical tests to see to what extent the plant food was

removed by the exposure of the stalks upon the land during

the fall and winter months. Stalks thus exposed were procured

under average conditions and subjected to a chemical analysis

with the following results (calculated to a dry-matter basis) :
—

1 By "partially dried" is meant a material containing 50 to 53 per cent, moisture; the green

stalks at stripping time may contain from 70 to 75 per cent, moisture.

- This valuation is somewhat high for the reason that the labor cost of handling a definite

amount of plant food in tobacco stalks would be greater than that of handling the same plant

food in cottonseed meal.
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stalks as soon as possible after stripping, by means of an ensi-

lage cutter, into pieces an inch or so in length, spread them

broadcast upon the land in late fall and plow them under in the

spring. If it seems desirable to allow the uncut stalks to re-

main on grass land during the winter as a top dressing, they

may be gathered in the spring, spread upon land intended for

corn and plowed under. The leached stalks will be pretty

thoroughly decomposed during the year and will not cause

any inconvenience the following season.
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INSECT RECORD FOR 1912 IN MASSACHU-
SETTS.

II. T. FEKNALD.

The correspondence received by the experiment station dur-

ing 1912 was unusual because of its scope, nearly 400 different

insects being subjects of inquiry.

As was to be expected, heat and a dry period were favorable

for plant-lice of many kinds and for the San Jose scale, and

these pests were much in evidence everywhere, over a hundred

separate inquiries being received referring to plant-lice. The

elm-leaf beetle was also abundant, and where not cared for by

spraying, caused much injury.

Ants in houses and in lawus, cutworms, wireworms, various

soft scales, the squash vine borer, asparagus beetles, the spiny

elm caterpillar and the gypsy and bro^^^l-tail moths were also

the subjects of many letters, and these, with the other pests

mentioned, formed the bulk of the correspondence.

The birch-leaf skcletonizer, Buccidatrix canadensisella

Chamlx, has attracted little atteiition this year, and it seems

probable that it will not be noticeable another fall. The work

of the bronze birch borer, Agrilus anxius Gory, has been much

in evidence, but while many cut-leaved white birches succumbed

to its attacks during the first year or' two it was present, some

now appear to be more resistant and more or less immune. At

one time it seemed as though all of these trees would be de-

stroyed ; at present it seems possible that some of them may
escape.

ISTumerous egg clusters of the apple-tree tent caterpillar,

Mnlacosoma americnnn Tab., sent in for identification; in-

quiries about the apple-twig borer, Srhisfocerof^ Jiamatiis Fab.,

the bud moth, Spilonoia occllana Schiff., and apple aphids in-

dicate that more careful attention than ever before is beino;
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given to the apple trees of the State, and in general a eloser

examination of our cro])s, in order to protect them from injnrv,

is evident.

Flies, fleas, roaches, bedbugs and other household pests liavc

required considerable correspondence during the year; and it

would seem that whenever anytliing unusual made its appear-

ance anywhere in the State in insect lines, it aroused sufficient

interest to lead to inquiries.

During the latter part of September, 1011, an unusual

abundance of cotton-worm moths, AlalxDna anjillacca Ilbn.,

was noted, and this was also the case almost everywhere through

the northern States. Another, but smaller, flight of these moths

took place this year, only a single s]~)ecimen being captured at

Amherst. As, so far as known, this insect feeds only on cotton,

its appearance so far from where it normally occurs is always

of interest.

One brood of the seventeen-year locust or cicada. Cicada

septendecim L., due in 1911, has never been reported from

Massachusetts though abundant in northwestern Connecticut

and eastern ISTew York. During that year specimens were

captured in ISTew York only about three miles from the Massa-

chusetts State line. Under these circumstances it is probably

safe to consider this brood as also occurring in southwestern

]\rassachusetts. though perhaps in limited numbers.

The discovery in January, 1012, of more than 50 specimens

of a lady beetle, TlipporJaniid anihiffua Ixc, in bunches of

celery purchased in the market at Amherst, is of interest, as

the beetles are natives of the Pacific coast and the celery came

from California. Fortunately, these insects are beneficial, but

injurious forms could easily be introduced into Massachusetts

in similar ways and add to our already too long list of enemies

to fiirht here.

The juniper scale, Diaspis rariieli Targ., a European foe of

the juniper and arbor vitfp, was found during the year in such

abundance on plants imported from abroad as to seriously in-

jure them. This insect has already been found in a number

of places in this country, probably in all cases having been

received from Europe. A serious attack on valuable hedges of

box by the boxdeaf miner, Mona Hiiropalpus huxi Lab., in some
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parts of soiitlieastcrn Massacluisetts and in Kliodc Island, has

also hovn observed, and studies on this insect and methods for

its control have been begun. This insect which has evidently

come to this country from Euro[)e has already been reported

by Dr. Uelt (Journ. Econ. Ent. III., 342, 1910).

The Cottonwood leaf beetle, Liiia scripta Fab., was obs(M'ved

feeding on the leaves of po])lars in a nursery at Agawam in the

fall of 1910, since which time it has been found elsewhere in

tlie Connecticut valley. This insect is \vcll known farther west,

and appears to be spreading eastward. Possibly its presence

in Massachusetts has already been recorded, but no such refer-

ence has been noticed by the writer.

The chestnut borer, Leptura zehra Oliv,, has been found in

numerous instances working on chestnut trees, as reported last

year, and has been so often observed in connection with the

chestnut bark disease that the claim has been made that it is

often the cause of the death of the tree, and that the disease

attacks only trees already weakened by this insect. This view

in the light of such evidence as is a,t hand can hardly be ac-

cepted, but there is no doubt that trees weakened by this insect

would be even more likely to die from the disease on this

accomit.

The fall army worm, Lapliygma frugipcrda S. and A,, has

been unusually abundant and destructive this 3'ear, particularly

in eastern Massachusetts. According to reports received this

has also been true in many parts of the country.

White ants or termites, Termes favipes Koll., have been re-

ported as injuring the stems of growing cabbage and corn

plants, leaving only the outside of the stem. As no other in-

sects could be found in the stems, while the termites were

abundant there, it would seem probable that in this case living

tissues had replaced the more usual food of these insects, which

is dead or decaying wood.
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TESTS OF INSECTICIDES.

n. T. FERNALD.

It has not been the policy of the department of entomology

of this station to condnet tests of the different insecticides on

the market, the department having no trees under its control

upon which tD make the tests. In a few cases, hojvever, special

reasons have led to a departure from this rule, and the results

of a few trials of such materials are given here. !N^o attempt

is made to draw final conclusions in any case, those given being

only such as the tests themselves indicated. It is recognized

that farther trials of these materials in other localities, or per-

haps under different climatic conditions, might give different

results, but as such are not available only those actually ob-

tained here are recorded.

Entomoid. — Manufactured by Frank M. Hale, Woonsocket,

R. I. This material was tested in 1911, and the results are

given in the last annual report. Entomoid is claimed to be a

combination of lime-sulfur and a miscible oil, and should pos-

sess the good qualities of both of these materials. The manu-

facturer believed that a modification of the formula used in

1011 would be an improvement, and it was this modification

wliich was used in 1912. Several apple, pear and plum trees

and currant l)nshes considerably infested with San Jose scale

were sprayed with it, following directions supplied by the

manufacturer to dilute 1 part of the Entomoid with 50 parts

of water. On two trees a dilution with 40 parts of water was

used instead, in order to determine any possible injury by a

stronger solution or possibly a greater effectiveness. The treat-

ment was applied April 17, the day being calm, cloudy and

with a temperature of 05° to 70° during the treatment. The

material mixed easily with water and sjU'ayed well and was

dry within a short time. There was quite a heavy rain that

night and also some the next day.
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As a whole, the results were less satisfactory than in 1911.

AVhetlier tliis difference was duo to the diff"ercnce in the maker's

formula, to the rain following- within tw(^lve hours, or to the

greater dilution (in 1911 with the old formula it was 1 to 20

and 1 to 30), it is impossible to determine. jMany of the

scales were certainly killed, but enough were left so that the

trees were abont in their former condition at least three months

earlier than was the ease in 1911. It may be that the dilution

with the new fonnula material was greater than should have

been. the case; but the relative concentration of the two ma-

terials was, of course, known to the maker, who shonld ac-

cordingly have been able to advise the proper dilution for the

second formula to make it properly compare with the first, l^o

difference in results was noted with the two dilutions used.

It may be said of this material that thus far it seems to have

some value as a scalecide, but that farther experimental work

by the inventor, followed by more field tests of the materials

thus produced, will be needed before any final formula can

be established.

Nicine. — Manufactured by 'the Hood Chemical Company,

Chicago. This substance appears to be widely used as an ab-

sorbent, deodorant and germicide. It is also claimed that it

will prevent the hatching of the eggs of insects and will drive

away flies. It is " a success when blown on trees and shrubs

in destroying insects and fungus."

A claim made in letters from the company, " that it limits

the activities of root parasites of all kinds," led to testing this

substance both for the protection of corn from wireworms and

of onions from the onion maggot. For the corn two plots about

a thousand feet apart were taken, and in each, rows were treated

in twos, alternating with two untreated, used as checks. The

rows were about three feet apart. The Nicine w^as poured into

the drills in fairly large amounts, was then covered slightly and

the corn planted over it.

It w^as anticipated that the plots would be quite badly in-

fested with wireworms, but unfortunately for the success of the

test these proved to be rather scarce, and on this account the

experiment can hardly be considered a success. The only con-

clusions which could safelv be drawn from the work were the
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rather negative ones that this treatment had at least no in-

jurious effect on the i)lants, and that it did not give absolute

protection, as a few hills both in the treated and untreated rows

wore attacked bj wireworms, though too few to give evidence

of any value.

The tests of this substance for protection against the onion

maggot were limited bv the small amount available. Two rows

of plants were treated, the Xicine being liberally applied around

the bases of the plants when they were about an inch and a half

high. At this time no maggots coidd be found anywhere in the

field. The Xicine was evident at the bases of the plants for

several weeks, but did not wholly protect the plants from mag-

gots, at least, as a few were attacked. Compared with rows

treated by other methods, it did not even afford a high degree

of protection, but as maggots were not particularly abundant

anywhere in the field, and the crop did not " catch " well, the

whole test can hardly be regarded as conclusive.

^0^7 Fumicjant and Insecticide.— IManufacturcd by the

Shei'win-Williams Company, Cleveland, O. This material was

to have been tested in 1911, but the shipment was lost and not

recovered until too late in the season for use. It was applied

in the spring of 1912 to parts of the same corn plots described

under Xicine above, and in the same manner, though a little

more liberally.

For the same reasons as in the case of Xicine the test can

hardly be regarded as proving anything. The corn in the

treated rows differed little in growth and product from that in

those untreated, and the wireworms proved not to be sufficiently

abundant to enable any determination of its value to be pos-

sible. Tests of this material in ^Maine and Minnesota during

1911 have been reported as giving no evidence of its value as

a protection from the attacks of insects.

Zinc Arsenite. — Received from the SlierAvin-Williams Com-

pany, Cleveland, O. The com])any suggested using this at the

rate of 1 pound to 10 gallons of water, " in the abscMice of suffi-

cient data of a ]-)ractical nature and based only on its chemical

composition," and this suggestion was followed.

The material was applied quite freely to elm, maple and wild

cherry leaves, July 8, no fruit trees being available for the
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purpose. Elm-leaf beetle larvjc were abiiiidaiit on the elm, but

the application to the other plants was entirely to determine the

dan<i(r of injury to the foliage.

In all cases the sprayed leaves were conspicuous until the

leaves turned in the fall, indicating an excellent adhesive pro]>

erty. On the elm the beetle larvre were quickly killed, and

after a short time injury to the leaf tissue around each place

where a beetle had fed became evident.

After two weeks an examination of the plants sprayed showed

that all had been injured by the treatment, the material having

evidently been applied too strong. Tests at other places, reports

of which were received after the tests here had been made, indi-

cate the same thing, and it is now the intention to continue the

experiments the coming season, to determine the best strength

of the arsenite to use for effectiveness against insects and at the

same time avoid injury to foliage, using various fruit and shade

trees for the purpose.

It was noted in the course of the work that the arsenite did

not remain long in suspension, and continuous agitation was

necessary to insure an even distribution.

Zinc Arsenite. — Received from the California Spray Chem-

ical Compan}^, Watsonville, Cal., for trial. Tests of this were

made at the same time and in the same way as with the other

arsenite of zinc, as described above. The material appeared to

settle rather more quickly than the other, but no other differ-

ences were noticed. It is evident that in this case, also, the

application was too strong. It is quite certain that settling of

both of the samples of arsenite of zinc can be materially delayed

by the addition of soap, as has been shown by Parker (Mon-

tana Bulletin !N"o. 8G) and others.
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REPORT OF THE DIRECTOR.

"WM. P. BROOKS.

ADMINISTRATION.

Station Staff.

From Oct. 1, 1912, to September, 1913, thus including the

greater part of the director's leave of absence, the administra-

tive duties of the office were faithfully and ably discharged by

Mr. F. W. Morse, research chemist in agronomy, of our de-

partment of chemistry. It is a pleasure to testify not only to

the fine tact and good judgment shown in a position necessarily

somewhat difficult to fill, but as well to express appreciation of

the effective initiative shown by Mr. Morse at a time particu-

larly critical in the financial relations of the station to the State.

The material increase in the annual provision made by the last

Legislature for the support of the station, reported in detail

under a topic considered later, is the best evidence of the quality

of his work. It is a pleasure, also, to say that in all the phases

of the work of the director's office the vice-director, Dr. J. B.

Lindsey, took his accustomed hearty interest, gave most freely

of his time, and contributed no little to its successful adminis-

tration. The splendid esprit de corps shown by all the members

of the staff should also be mentioned. Each fully met the re-

sponsibilities of his position, and more ; and it is in a sense

invidious to recognize especially the services of the first clerk

of the administrative department, Mrs. L. G. Church, and the

assistant agriculturist, Mr. E. F. Gaskill, to whom, however,

inevitably fell an unusual share of the duties usually devolving

upon the director and agriculturist.

On the resumption of my duties as director on September 1

Professor ]\Iorse was once more able to devote his entire time to

the important lines of research connected with the nutrition of



4 a EXPERDIEXT STATION. [Jan.

asparagiis and the cranberry, and the specific effects of certain

fertilizer chemicals upon the soil, in which he has been engaged

for the past few years.

The station has been fortnnate in retaining the services of

all the senior members of its staff. This has been strengthened

and the scope of its work increased by the appointment on Feb-

ruary 1 of H. D. Goodale, Ph.D., as research biologist in the

poultry department. Other new appointments in the same de-

partment are Mr. J, W. Sayer, foreman, Mary E. Kingsbury

and Fay L. Milton as clerks, the latter replacing Miss Kings-

bury in September. An added assistant was rendered necessary

by the increase in the amount of work connected with the in-

spection of commercial fertilizers, and W. S. Frost, B.Sc, of

Tufts Coljege, was appointed assistant chemist. John B. Nor-

ton, B.Sc, University of Vermont, was appointed to the va-

cancy as gTaduate assistant in horticulture in May. Miss Lina

E. Fisher, who had given one-half her time to the clerical work

of the department of chemistry, was transferred in October to

the chemical department of the college, her place being taken

by Miss Rebecca L. Mellor, who similarly gives one-half her

time to the clerical work of the department of chemistry. Mr.

James C. Reed, who for several years had served as assistant,

a considerable portion of the time in the research section, re-

signed in June to accept a position as chemist in connection

with the manufacture of commercial feeds. His place was

filled by the appointment of Mr. J. P. Buckley, who had taken

courses of study in the Massachusetts Institute of Technology.

Geo. H. Chapman, research vegetable physiologist and pathol-

ogist, was granted eight months leave of absence, beginning

September 1. Mr. Chapman will spend most of his time in

study abroad. Orton L. Clark, B.Sc, was at the same time

employed in the department, and is engaged in important lines

of research.

Maintenance..

At the beginning of the fiscal year, Dec. 1, 1912, the increase

in the State appropriation for the support of the experiment

station from $10,.500, at which figure it had stood for many
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years, to $15,000, as provided by the Legislature of that year,

became effective. The Legislature of 1913 passed an act in-

creasing the annual State appropriation for investigation $5,000

per year for five years, beginning Dec. 1, 1913.

Other sources of income to the station have remained practi-

cally unchanged, and the gradual increase in the amount re-

ceived from the State provided by the act just referred to will

hardly suffice to enable the station to increase the scope of its

work with the constantly broadening horizon and to meet the

rapidly increasing demands upon it for service.

The federal appropriations have remained unchanged for

three years. The amounts received from products sold, for

labor for other departments of the institution, for chemical

work and cow testing are subject to variation from year to year

and cannot be estimated with entire safety in making up the

annual budget. It is true, however, that the aggregate usually

reaches a considerable sum. The amounts received during the

past year are shown in the general table. The receipts from

the sale of cranberries produced- at the substation in Wareham
were exceptionally large, as the crop was the most abundant pro-

duced since it has been the property of the station.

Attention is called to the fact that the fees received for the

inspection of commercial fertilizers and the State appropria-

tion for the execution of the feed law are almost entirely re-

quired in meeting the expenses connected with our control work.

The amended laws now upon the statute books, however, pro-

vide that unexpended balances may be used in case of the fer-

tilizer control work for investigations in relation to the use of

manures and fertilizers, and in the case of the feed law for

investigations in relation to foodstuffs and the feeding of farm

animals. The balances so expended during the past year have

been :
—

From the fertilizer inspection, $516 16

From the feed law ai^propriation, ..... 350 00
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Total Revenue for the Fiscal Year Dec. 1, 1912, to Dec. 1, 1913.

State appropriation, $15,000 00

Federal appropriations :
—

Hatch fund, 15,000 00

Adams fund, 15,000 00

Agricultural department sales and labor, .... 2,740 01

Chemical department analytical work, cow testing, etc., . 9.038 81

Fertilizer law, analysis fees, 10,580 00

Feed law. State appropriation, C,000 00

Cranberry substation :
—

Sales of fruit, 5,671 82

Sales of vines, 19 65

Meteorological observations, scientific services, etc., . 193 03

Total, $79,243 32

The total amount available for investigation is about $1G,000

less than the above total, about that sum being required for the

execution of the feed and fertilizer laws.

The treasurer's report in full will be found on pages 40a

and 41a.

Publications.

The following is a complete list of the station publications

for the fiscal year just ended: —

Annual Beport.

Twenty-fifth Annual Report : Part I., 240 pages ; Part II., 97 pages.

Separata from Annual Report.

Keport of the Cranberry Substation, 28 pages.

Report of the Botanist, 104 pages.

Report of the Entomologist, 21 pages.

The Inheritance of Blossom Color in Beans, 24 pages.

Bulletins.

No. 143. Inspection of Commercial Fertilizers, by H. D. Haskins,

L. S. Walker, C, P. Jones and C. L. Beals; 93 pages.

No. 144. The Relation of Light to Greenhouse Culture, by G. E.

Stone; 40 pages.

No. 145. Record of the Station Dairy Herd and the Cost of Milk

Production, by J. B. Lindsey; 31 pages.

No. 146. Inspection of Commercial Feedstuffs, by P. H. Smith and

C. L. Beals; 61 pages.
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Circulars.

No. 35. Poultry Manures, their Treatment and Use; revision of No.

22; 4 pages.

Meteorological Beports.

Twelve numbers, 4 pages each.

Publications Available fok Distkibutiox.

Bulletins.

No. 33. Glossary of Fodder Terms.

No. 115. Cranberry Insects.

No. 123. Fungicides, Insecticides and Spraying Directions.

No. 130. Meteorological Summary— Twenty Years.

No. 133. Green Crops for Summer Soiling.

No. 134. The Hay Crop.

No. 137. The Rational Use of Lime.

No. 139. Tomato Diseases.^

No. 144. The Relation of Light to Greenhouse Culture.

No. 145. The Cost of Milk Production.

No. 148. On the Diagnosis of Infection with Bacterium Pullorum in

the Domestic Fowl.^

No. 149. A Study of Vai'iation in Apples.

No. 150. Reports on Experimental Work in Connection with Cran-

berries.

No. 151. The Determination of Acetyl Number.

No. 152. The Digestibility of Cattle Foods.

No, 153. A Summary of Meteorological Records for Twenty-five

Yeai-s.

No. 154. Alfalfa.

No. 155. New Fertilizer Materials and By-products; and Cocoanut

Meal.

Nos. 131, 135, 140. Inspection of Commercial Fertilizers for the Years

1909, 1910 and 1911.

Nos. 132, 136, 139, 142. Inspection of Commercial Feedstuffs for the

Years 1909, 1910, 1911 and 1912.

Annual Beports.

Hatch Experiment Station: Fifth (1893) ; Sixth (1894) ; Tenth (1898)

;

Eleventh (1899) ; Twelfth (1900) ; Thirteenth (1901) ; Foi;rteenth

(1902); Fifteenth (1903); Sixteenth (1904); Seventeenth (1905).

' Edition nearly exhausted.

- Bulletins 148-155 were not printed until after the end of the year covered by this report; but
are here included, as the date of printing the report is later than the dates of printing these

bulletins.
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Massachusetts Agricultural Experiment Station: Twentieth (1908);

Twenty-first, Part 11. (1909); Twenty-second, Part I. (1910);

Twenty-third, Part I. (1911); Twenty-fourth, Parts I. and II.

(1912); Twenty-fifth, Part I. (1913).

Circulars.

No. 20. Lime in Massachusetts Agriculture.

No. 27. Seedmg Mowing-s.

No. 29.' Soil Analysis.

No. 36. Poultry Manures, their Treatment and Use.

No. 37. Green Manuring and Cover Crops.

No. 38. Cabbage, Cauliflower, Turnip, Rape and Other Crucifers.

No. 40. Downy Mildew of Cucumbers.

No. 41. The Control of Onion Smut.

No. 42. Fertilizers for Potatoes.

No. 43. Cut Worms.

Home Mixed Fertilizers.

Orchard Experiment.

Fertilizers for Corn.

Composition and Digestibility of Fodder Articles; Composition of Fer-

tilizer Materials, Refuse Substances, Garden Crops and Soils. (A

seiDarate from the twenty-third annual report.)

For distribution in Massachusetts, Bulletin No. 180 of the Connecticut

Agricultural Exijeriment Station : Studies on the Tobacco Crop of

Connecticut, by Director E. H. Jenkins.

The plan followed in the distribution of our publications

during the past year has been the same as for several years,

and is described in the twenty-fourth annual report. The de-

mand, however, has gi-eatly increased and the size of editions

must be correspondingly increased. The edition of a number

of the bulletins has recently been entirely exhausted within a

few weeks after publication, while requests for them will con-

tinue for months and even years. With the increase in interest

in scientific agriculture and country life, with the multiplica-

tion of institutions in which agriculture is taught, and of those,"

both public and private, devoted to agricultural experiment and

demonstration, with the fuller development of agricultural ex-

tension service under the recently enacted Lever bill, and the

organization of the county league or agent system, is sure to

come a yet more rapid growth in demand for station publica-

tions.
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Thus far it has been the policy in this station, as it is in most,

to send publications on request to citizens of other States. This

is sound policy from the standpoint of publication efficiency,

and fully justified by the fact that a large share of the funds

for the support of our experiment stations comes from the fed-

eral treasury. The fullest reciprocity is desirable, for in most

cases results obtained in one State find almost equal applica-

tion in numerous others.

Still another cause of increased demand is found in connec-

tion with schools which teach agriculture, which, in not a few

cases, make use of bulletins in their class work, for which pur-

pose a large number of duplicate copies is often requested. It

has thus far been our policy to meet this demand also when

possible.

If we are to continue in the future the generous policy of the

past, and to meet the increasing demands which have been re-

ferred to, it will become necessary either to greatly increase the

expenditure for publication or to curtail circulation in certain

directions. It is believed that the latter course can be followed

without disadvantage to any real interest. A careful study of

the situation as affected by the existing law governing the pub-

lication of our annual reports has led to the conclusion that

there is wasteful circulation and some duplication, resulting

from the inclusion of the formal technical parts of our reports

in the annual reports of the secretary of our State Board of

Agriculture ; and a plan which shall at the same time avoid such

waste and duplication and bring our method of publication into

conformity with the plan recommended by the American Asso-

ciation of Agricultural Colleges and Experiment Stations has

been embodied in an amended act which will be brought before

the Legislature of 191-i. The act as amended leaves the de-

termination of the size of the editions, within a specified maxi-

mum, to the director, who will be able to adapt any edition to

the prospective demand, which varies widely for different pub-

lications. The advantages of the act as amended are so clear

that its passage is confidently looked for.^

A list of such of our publications as can still be sent on re-

quest will be found on page 7a.

' This act was passed before the date of printing.
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Mailing Lists.

The fullest economy in the matter of the circulation of station

publications is possible only when the mailing lists are kept

fully alive. Very frequent revisions are necessary. It is true

that the United States postal regulations state that postmasters

must return all station publications not delivered, but in a very

large proportion of cases this regulation is not complied with.

It has been our practice, therefore, not only to make corrections

whenever reported, and to drop names when publications are

returned, but to fully revise all Massachusetts lists once in two

years. Under these conditions the number of addresses which

we find should be dropped because of death, removal or other

causes is surprising. It must average about 20 to 25 per cent,

of the total. There is also an astonishing number of changes

shown to be necessary in every revision. These are due in many

cases to removal, but in not a few instances to changes in post

offices. It is estimated that in the last revision about one-half

of the addresses remaining required change. There is much

difference in the number for different post offices, a difference

no doubt traceable to difference in the faithfulness with which

the postal regulation above referred to is complied with. The

table shows the nature of the lists which we at present maintain

and the numbers in the several classes.

Residents of Massachusetts (general), 13,325

Residents of other States (general), 557

Residents of other States (general and technical), . . . 765

Residents of foreign countries, . . . ... . . 154

Newspapers, 513

Libraries, 343

Exchanges, 189

Cranberry growers, ......... 1,710

Beekeepers, 3,719

Feed and fertilizer dealers, 310

Greenhouse growers, ......... 1.848

Meteorological, 386

United States Department of Agriculture Official List,' . . 2,794

Total, 26,613

' Publications are not as a rule sent to all on this list but only to presidents, directors,

libraries and specialists likdly to be interested.
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The general list, as will be seen, includes 13,325 names. It

is felt that sending all publications except those of a highly

technical character (which we always give a much more re-

stricted circulation) to all the persons on the list doubtless in-

volves considerable waste. Our agriculture is highly specialized

in many sections. Our publications on specialized branches of

agriculture are of interest only to those engaged in them, and

it is our policy to increase the number of special lists with a

view to a better and more economical, and at the same time

more effective, circulation of our various publications.

Extension Service.

The experiment station is still called upon for a large amount

of service which is really of the character of extension. The

extension service of the college, under Prof. W. D. Hurd, is now

handling an enormous number of requests for information and

advice ; but the appreciation of and call for such assistance has

gro"\ATi with such rapidity that there has been no appreciable de-

crease in the number of calls upon the specialists of the station

staff. Correspondence still makes heavy demands upon their

time. They still accept many invitations for public lectures

and demonstrations all over the State. It is the policy in the

institution that this work shall be done mainly by members of

the extension service staff. The specialists of the experiment

station must naturally always be in demand for addresses on

certain subjects, but since it is recognized that meeting many

engagements of this character interferes greatly with research

efficiency, such addresses should be restricted within narrow

limits.

N^EEDS OF THE StATIOX.

Attention has been called to the fact that the gradual increase

in the amount appropriated by the State for the support of the

experiment station is not adequate ; but as the act of the Legis-

lature making provision for such increase was made with a

fairly definite understanding that further increase would not

be asked for within the period covered by the act, it would be

contrary to sound policy to ask an increase in appropriation
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for general purposes. There are, however, two needs so press-

ing that they must be stated and should be provided for as soon

as possible. These are additional land and an appropriation

for demonstration on selected farms throughout the State.

Land. — The area available for experiment in the depart-

ments of agriculture and horticulture is far too small. There

has been no increase for many years except by lease, a system

which has numerous disadvantages which are referred to later.

Meanwhile, the science of agriculture has gained rapidly. New
discoveries constantly widen our horizon. Investigations are

now needed in fields undreamed of not many years ago. Soil

biology, soil physics, the influence of toxins, the theory of an-

tagonism, are a few among the many fields in which work is

urgently needed.

The station now leases four different areas for experiment,

— two and one-half acres in Concord for work with asparagus,

which has been held for seven years on an indefinite lease ; six

and one-half acres in South Amherst for orchard experiments,

leased for ten years, seven of which have already passed ; eight-

een acres adjoining the station grounds in Amherst, leased for

orchard experiments in 1912 for twenty years; and two acres,

also in Amherst but not immediately adjoining the station

grounds, which we have used for one year on a four-year lease.

In the case of the areas in Concord and South Amherst there

has already been paid for the use of the land sums in each

case considerably in excess of the figure at which these proper-

ties could have been jDurchased. The same will be true of one

at least of the other areas mentioned within a very few years.

The policy of leasing is not, therefore, a sound one from the

standpoint of economy. There are, however, much more im-

portant objections, chief among which is the uncertainty of

tenure for the full period during which the experiment should

continue. This cannot be determined in advance. In the case

of the South Amherst area it was thought when the lease was

executed that the specific problem for which it was desired

could be solved within the ten years, but it is already apparent

that it would be a great advantage to continue the varying

fertilizer and cultural treatments during a much longer period,
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in order to determine more fully the ultimate effects upon the

apple, which is a very long-lived tree. We already know that

the present owner (who has purchased the property since we

hired it) will not renew at any figure which the station can

afford to pay. We shall find ourselves, therefore, three years

hence, compelled to turn over to the owner a piece of property

worth several times what it was when we leased it, having mean-

while paid the former owner and to the present one a total sum

considerably in excess of the value when the land came under

our management.

The situation as affecting the Concord land, planted to aspara-

gus (also a long-lived crop), is from a business point of view

entirely similar ; but as the lease of this land is indeterminate

it is yet worse from an experimental viewpoint, for the owner

may terminate the lease at any time. Fortunately, such action

on his part is not now anticipated, for he is very greatly in-

terested in the experiment ; but we are entirely dependent upon

his good will.

Another point to be considered is that the value of areas

suitable for our needs is steadily appreciating. Land can

probably never be bought at lower prices than now. It would

seem the part of wisdom to take early action.

!N^ot only do sound business considerations urge this course,

but the need becomes every year more desperate as the area

which has been available for station use is more and more en-

croached upon as the result of the growth of the educational

side of the institution. The location of buildings has already

rendered far less valuable or entirely valueless for our use three

fields in which important lines of inquiry were in progress, and

other locations which will have a similar effect are in prospect.

Still another point has an important relation to our need.

With the great increase in the number of students who room in

all parts of the town, and with the erection of new buildings in

different parts of the campus between which large numbers of

students must pass in going to and from classes, it has become

almost impossible to prevent trespass, as a student in a hurry

is disposed to cut corners, which means crossing the plots. It

seems to the director, and to all members of the station staff
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familiar with the situation, and especially to those directly in-

terested in the use of land, that a candid consideration of the

facts stated, and of others which might he presented, leads in-

evitahlj to the conclusion that more land should he purchased

at the earliest possible moment.

Demonstration. — There are two rather distinct types of

demonstration : the one having for its object teaching a lesson

concerning the value of a line of practice, already fully estab-

lished as sound, for the purjDose of impressing the farmers in

the locality in which it is located with the fact of its importance

to them; the other designed to test the validity of results of

research or experiment in our own or other stations under vary-

ing conditions affecting soil, local climate and economic result

upon the farms in different sections of the State.

Demonstration of the first kind is properly the function of

the extension service; that of the second kind is more legiti-

mately the work of the experiment station, for it is experimental

in nature and will result in broadening the field of knowledge.

jSTew and more or less untried methods or modifications of old

methods, new crops or varieties, new insecticides and fungi-

cides, new fertilizers, or new methods of employing fertilizers,

are a few among many subjects which may appropriately be

made matters for station demonstration.

There is one line of experimental demonstration in particular

which is urgent, both because of its vital importance in the agri-

culture of the State and because the station has been strongly

urged to undertake it. I refer to methods of pasture improve-

ment. The experiment station has obtained some very striking

results in the use of fertilizers. It is important that the extent

to which similar results may be anticipated on different types

of soil be investigated ; and that the question as to whether

pasture improvement by such use of fertilizer or by other

methods which are in need of investigation can be made profit-

able. The pastures of the State stand in great need of improve-

ment. Our live stock ranges over wide areas to obtain, in too

many cases, only a scanty subsistence. The production of milk

in the State has rapidly fallen off during recent years, no doubt

in considerable measure because of the poor condition of our

pastures.
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]\Ioreover, the high prices now ruling for meats make it seem

highly probable that the time has come when, with intelligent

improvement of pastures, the State might wisely produce a

much larger share of the meat consumed by its inhabitants.

It seems entirely possible that steers and sheep can be profitably

fattened in the State even if they can be reared to tJie fattening

age more cheaply in other parts of the country. There is, how-

ever, a question whether even the production of well-bred stock

to the fattening age may not be successfully carried on. Our

soils and climate are admirably adapted to the production of

pasture forage. An appropriation for the purpose of under-

taking extensive demonstration experiments in pasture improve-

ment is highly desirable.

The xIttitude of the Station toward Private Work.

That the most important function of the experiment station

is the public service is generally recognized. It is also gen-

erally recogTiized that its principal work should be investigation,

with a view to gaining new knowledge of fundamental laws

and principles bearing upon the art of agriculture, and experi-

ment, which has for its object the discovery of new applications

of known laws and principles and better methods, both in the

practice and business transactions of the farm and garden.

The results of its investigations must of course be published and

disseminated. In addition, this experiment station is charged

with the execution of important control laws,— those relating

to the manufacture and sale of commercial fertilizers and com-

mercial feedstuffs, and the dairy law.

The cost of the work connected with the execution of these

laws is covered by funds especially provided therefor. It

makes no draft upon the funds appropriated for investigation,

and the work is in the hands of a special staff which would

not otherwise be employed. This work, therefore, does not

lessen station capacity for investigation and experiment. On
the other hand, as has been pointed out under the topic " Main-

tenance," since unexpended balances are available for certain

kinds of experiment, our resources for investigation are some-

what increased because of the fact that the station is charged

with the execution of these laws.
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There are, however, constant and insistent requests for serv-

ices which lie outside of the fields which have been designated,

many of which are more or less private in character. To meet

these requests would consume a large share of the time and

energy of the members of our staff, and must greatly lessen

their capacity for research. Not a few of these services are

routine in nature, the same service is requested over and over

again by different individuals, the results often have a transient

value only, and it may be only to the individual requesting it.

To use public funds for private work, especially in view of the

fact that the public service must suffer if it is undertaken,

would clearly be a mistake in policy.

Having thus endeavored to make the underlying principle

and its reasonableness clear, a statement in detail of our atti-

tude in relation to some of the kinds of service most frequently

called for, with the special reasons therefor, seems desirable.

Chemical Analyses for Individuals. — Numerous requests

for chemical analyses come to the station annually from in-

dividuals. There is hardly a substance of any possible interest

to our citizens which we are not yearly asked to analyze. Soils,

fertilizers, feeds, drinking waters, milk and cream, vinegar,

drugs, minerals, and the viscera of animals supposed to have

been poisoned are some of those most frequently sent in. Not a

few individuals appear to regard such work as a proper function

of the experiment station; occasionally one represents that as

he is a taxpayer he has a right to such service, overlooking the

fact that taxes are assessed to support public work, not to pay

for private service. The majority, on having their attention

called to the distinction referred to, take a correct view of the

matter.

Many offer to pay the costs of analysis. The station is not

organized for commercial work. Such work would almost in-

evitably interfere with more legitimate work, unless, indeed, a

staff' of chemists who should be employed in commercial work

only should be maintained. This policy cannot at present be

carried out. It would require sej^arate laboratories, and it is

not sufficiently constant to afford regular employment. Fortu-

nately, there is little occasion for the establishment of a State
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laboratory for commercial work as there are numerous and

reliable private commercial chemists. Further, there will be

general agreement that for a State institution to engage in

commercial work would be an unwise intrusion in a field where

the rights of private enterprise would be infringed. The sta-

tion, as a rule, does not (drinking waters excepted) accept com-

pensation for any chemical analyses which it may undertake.

Analyses of Fertilizers or Feeds for Manufacturers or

Dealers. — Under no circumstances can the station undertake

chemical analysis as one of the necessary steps for manufacture

or as a basis for guarantees. It should not and will not assume

this responsibility.

Analyses of Fertilizers and Feeds for Consumers. — !N'ot in-

frequently buyers send in samples, with the request that we

determine the composition. It is contrary to sound policy, as

a rule, to make such analyses, for two reasons :
—

1. The materials in almost all cases are sampled in the

course of the regular inspection and analyzed. A repetition is

uncalled for.

2. It is not certain that these samples are properly taken,

for to secure a thoroughly representative sample requires special

instruction and experience. No suit nor claim for shortage can

be based upon an analysis of a sample not officially taken.

In all cases, however, where either fertilizers or feeds are pur-

chased on guarantee, with a definite understanding that the

price shall be determined on the basis of analysis, the station

is prepared to sample the goods where the transaction is of

sufficient magnitude to warrant the expense, and will make the

required analysis. Further, in the case of feeds it is sometimes

possible, by mechanical separation and examination under low

magnifying power (processes which can quite easily be carried

out), to determine the ingredients, and such work the station

will do on request.

Analyses of Soils. — The number of letters received asking

for instruction in relation to sending samples of soil to be

analyzed for the purpose of determining what fertilizers should

be used, and the number of samples of soils sent in for such

analysis for that purpose without previous inquiry, is con-



18 a EXPERIMENT STATION. [Jan.

stantly increasing. For this reason, although this matter is

somewhat fully discussed in the twenty-first annual report, it

seems necessary to refer to it again. There is widespread mis-

apprehension as to the value of the chemical analysis of soils.

It seems to be very generally believed :
—

1. That chemical analysis will show to what crop a soil is

suited.

2. That such analysis will determine what fertilizer should

be applied and the quantities needed.

It seems also to be generally believed that the cause of crop

disease will be revealed by a chemical analysis of the soil in

which the crop is growing.

None of these views is justified by the facts. While the

chemical condition of a soil is not altogether without influence

in determining the crops to which it is suited, crop adaptation,

at least within such range of soil variation as exists in this

State, is determined in far greater degree by physical and

drainage conditions. Neither does the chemical analysis of the

soil show what fertilizers should be applied. Such analysis

will determine with exactness the proportion of the several

elements present, but it cannot show to what extent these ele-

ments are available ; indeed, there is no such thing as a con-

stant ratio of availability. The capacity of different crops to

extract food from one and the same soil varies widely, and

fertilizer requirements are determined in far greater degree

by crop than by condition of the soil, within such limits of

variation as are usually found in the soils of this State.

Occasionally a faulty chemical condition is responsible for

an abnormal or unhealthy condition of the crop, but in most

cases the immediately active cause of plant disease is the pres-

ence of a parasitic fungus, and this fungus is usually capable

of fixing itself upon the plant, whatever may be the composition

of the soil.

For the reasons briefly stated the chemical analysis of soils

does not, as a rule, afford results which have a value commensu-

rate with the cost, and this station will not, therefore, make such

analysis unless a soil differs widely from the normal in natural

characteristics, or has been subjected to unusual treatment of
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such a nature as to probably greatly influence its chemical con-

dition.

In this connection attention is called to the fact that the

most satisfactory means of determining the fertilizer require-

ments of crops is by carrying out a simple but carefully planned

experiment in the field; and in all cases the station is glad to

advise in relation to such experiments. It will furnish plans

on application, provided the general conditions and the crops

to be grown are indicated.

Water Analyses. — Properly taken samples of drinking water

will be given a sanitary analysis, for which a uniform charge

of $3 is made. This charge hardly equals cost. It is much
below the usual figure for such work, which probably averages

at least $10, A small charge was found to be necessary in order

to prevent the indiscriminate forwarding of samples in such

number as to constitute a serious burden, and in many cases

when conditions hardly suggested any necessity for such

analysis.

Analyses of Milk and Cream. — For the present, as has been

our i3ractice for some years, the station will analyze properly

taken and preserved samples of milk and cream for fat and

total solids, free of cost. This is done because facilities for

such work are seldom within the reach of farmers, in order that

it may be more fully recognized that the value of the product

is not determined solely by the number of quarts or pounds of

milk produced.

Foods and Drug Analyses. — This experiment station does

not, under any conditions, undertake analyses of foods or drugs.

It is not charged with the execution of the pure food law. That

work in this State is looked after by the State Board of Health.

Personal Inspection of Farms or Lands.— Quite frequently

a letter is received asking the station to send some one for the

purpose of looking over a farm and advising in relation to its

value or management, or for the examination of a certain tract

of land, perhaps with reference to the possibility of its improve-

ment, or for the purpose of determining what crops it is suited

to. The station organization does not at present include men
whose time is free for work of this description. Such work,
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moreover, is private in its nature; it is in the interest of in-

dividuals and not in the interest of the public ; and it is doubt-

ful whether, therefore, it is a proper function of the experi-

ment station. Special trips for the examination of farms or

tracts of land will not, therefore, be undertaken. We do con-

stantly advise in relation to farm problems which are clearly

and definitely brought before us, and members of the station

staif make many visits to farms, orchards, gardens and hot-

houses for the study of important problems when the solution

is likely to be of public as well as of private interest.

Station Literature. — It appears to be generally thought that

the station is prepared to furnisli comprehensive manuals on

all subjects related to rural life. We constantly receive re-

quests which begin :
" Please send me your book, or your

treatise, on ," and such subjects as potatoes, corn, straw-

berries, asparagus, cranberry culture, soils, drainage, etc. fol-

low. The preparation of such manuals involves compilation

rather than investigation. It is the latter for which the station

is maintained. If distribution of such manuals is a proper

function of any branch of an agricultural college it is that of

tbe extension department rather than of the station. The station

is not a publishing house. It is true that in connection with the

report of the results of investigations it sometimes seems best to

outline existing conditions, practices and opinions. In so far as

this assists in correlating new results with earlier practice it is

legitimate in a station publication, and some of our publica-

tions, therefore, may be valuable as a fairly comprehensive gen-

eral guide to practice, but funds placed at the disposal of the

station for investigation should not be, and are not, used for

the preparation of exhaustive manuals.

CONTROL WORK.

No change has been made in either of the control laws with

the execution of which the experiment station is charged. The

regular inspections of fertilizers, feeds and dairy apparatus

have been carried out without incidents requiring special men-

tion. The amount of this work steadily increases, especially
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in connection with fertilizers and feeds, with the multiplication

of brands. The comparative number of official samples for the

past few years clearly shows this growth.

Number of Official Samples.
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to manufacturers and dealers on the one hand and to consumers

on the other.

Detailed reports on the control work will be found in the

report of the chemist, Dr. J. B. Lindse}'.

LIXES OF WORK.

The lines of experiment and research followed for the past

few years, and referred to in recent reports, have been con-

tinued. One new research problem has been taken up. This

is in the poultry department. Provision for a breeding house

was made by legislative appropriation in 1912, and with the

coming of Dr. Goodale in February a study of some of the

more important problems connected with the inheritance of

such charcteristics as fertility, hatchability and fecundity was

begun.

Another new line of inquiry has been undertaken during

the year. This was made possible only by the rental of land

for the purpose. The work in view is to determine by most

careful experiment the rate of availability of the phosphoric

acid of basic slag meal. The experiment is part of a plan

recommended by the committee appointed by the Association

of Official Agricultural Chemists. Thirteen other experiment

stations are co-operating. This work is in direct charge of

our fertilizer chemist, H. D. Haskins.

GejStekal Experiments.

An idea of the general work may be gained from the follow-

ing enumeration of the principal lines of inquiry. These

are:—
Soil tests with fertilizers with different crops in rotation;

comparison of different materials available as sources, respec-

tively, of nitrogen, phosphoric acid and potash for both field

and garden crops, with a view to determining the ultimate

effects of each on soil chemistry, biology and physics ; results

of the use of different forms of lime; systems of fertilizing

mowings and orchards ; trial of different manures and fertilizers

for both tree and bush fruits ; methods of applying manures

;
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variety tests of garden and field crops and of fruits; tests of

different spray materials ; comparison of methods of priming

;

comparison of cover crops in orchard management; tests of

southern ver'sus northern nursery stock; of one and two year

old apple trees ; tests of trees pruned and not pruned at setting

time ; trials of new crops ; determinations of the digestibility

of feedstuffs; methods of feeding for milk; systems of feeding

and management of poultry for eggs; tests of the efficacy of

anti-hog cholera serum; studies upon the diagnosis and trans-

mission of avian tuberculosis; co-operation with selected farm-

ers in the trial of crops and systems of fertilizing them.

We have two substations, one for investigations connected

with asparagus at Concord, the other for cranberry investiga-

tions in Wareham. Brief references to the work at these sta-

tions will be found later in this report.

Research.

The research problems under investigation are for the most

part supported by the Adams fund, and have received the ap-

jDroval of the Office of Experiment Stations. The principal

problems at present under investigation are the following :
—

1. To determine the principles which should underlie prac-

tice in the use of fertilizers for the cranberry crop.

2. To determine the principles which should underlie prac-

tice in the use of fertilizers for asparagus.

3. Work in plant breeding in the endeavor to produce more

rust-resistant types of asparagus. (In co-operation with the

Bureau of Plant Industry, United States Department of Agri-

culture. )

4. Investigation of the solubility effect of ammonium sul-

fate on the soil of one of our experimental fields (Field A).

5. The effect of food on the composition of milk and butter

fat and on the consistency or body of butter.

6. The cause of the digestion depression produced by mo-

lasses.

7. Why insecticides burn foliage.

8. Effects of meteorological conditions on the development of

plants and crops, both in health and disease.
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9. Influence of soil moisture on seed germination.

10. Relation of light to burning from spraying with fungi-

cides and insecticides.

11. ]^ature and cause of burning from fumigation with

various gases.

12. Effects of electricity on nitrogen fixation in soils and

in stimulating plants in general.

13. Relation of light to burning of vegetation from miscible

oils.

14. Study of interrelation of stock and scion in apples.

15. Plant breeding, especially mth peas, beans and squashes,

to determine the extent to which the Mendelian laws appear to

govern heredity.

16. The relation of climate to variation in leading varieties

of apples.

17. The economic importance of digger wasps in relation to

agriculture.

18. Color vision in bees.

19. The diagnosis of white diarrhoea in adult fowls.

THE ASPARAGUS SUBSTATION, CONCORD.

The year 1913 at the Asparagus Substation in Concord was

highly successful from the experimental point of view. Mr.

Prescott continued his effective service in general local charge,

and Mr. J. B. Norton of the United States Department of Agri-

culture, his enthusiastic breeding work. It will be remembered

that the experiments at this substation are in two distinct lines

:

a study of the plant-food requirements of the crop and, second,

breeding experinients with a view to the production of a rust-

resistant type.

Plant-food Requirements.

The crop on the plots where the fertilizer experiments are

located was the best produced in their history. The average

yield per plot in 1912 was 278.5 pounds; in 1913 it was 374.9

pounds. The rate of yield per acre in 1912, 5,570 pounds; in

1913, 7,498 pounds. The average yield per plot in 1913 was,
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therefore, about 100 pounds greater than in 1912 ; the rate per

acre in round numbers, one ton greater in 1913 than in 1912.

The larger yields in 1913 were doubtless due in considerable

measure to the fact that there was but little rust in 1912. It is

thought that the specific effects of the different fertilizer ele-

ments and combinations, therefore, are shown much more clearly

in the yields obtained in 1913 than in any previous year. It

is not the purpose at this time to report either the plan of the

experiment or the results in detail ; but the following general

conclusions appear to be warranted:

A fairly liberal use of chemical fertilizers is as effective to

date in increasing yield as a combination of manure and fer-

tilizers.

Effect of Nitrate of Soda as a Source of Nitrogen. Nitrate

in Connection with Mineral Fertilizers (Acid Phosphate and

Muriate of Potash). — Xitrate of soda greatly increases the

crop, but a quantity in excess of the rate of 300 pounds per

acre has not so far seemed to be beneficial, and in a considerable

number of instances the minimum application (at the rate of

200 pounds per acre) has given a crop as good or even slightly

better than any larger amount.

Season of Application of Nitrate. — ^^Titrate of soda in these

experiments is applied in equal amounts in three different

methods as regards season :
—

(a) All in the early spring,

(b) Half in the early spring and half after the cutting sea-

son is ended.

(c) All after the cutting season is ended.

The results indicate a moderate degree of superiority for a

method of application in which a portion at least of the nitrate

is applied after the cutting season. This superiority shows it-

self both in slightly larger yield and in apparently making the

crop somewhat more resistant to rust.

Nitrate in Connection with Manure. — In the case of all

plots top-dressed with manure at the rate of 20,000 pounds to

the acre the application of nitrate also has resulted in a distinct

gain in yield, which, however, reaches its maximum on the

medium quantity of nitrate (300 pounds per acre).
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When nitrate is used in connection with manure (as in the

other combinations referred to) summer application or divided

spring and summer application gives rei^ults rather better than

spring application.

Complete Chemical Fertilizers in Connection with Manure.

— A mixture of chemicals, making what may be called a com-

plete fertilizer (nitrate of soda, acid phosphate and muriate

of potash), used in connection with manure at the rate of

20,000 pounds per acre, produced a moderate increase in crop,

but the increase produced has not been as great as that pro-

duced by the use of nitrate alone in connection with the same

amount of manure. The fact that the increase on the complete

fertilizer is less than that produced by nitrate alone is probably

not significant ; but since it is no greater, the conclusion is

apparently justified that the use of the acid phosphate and

muriate of potash in connection with manure has not been

beneficial.

Effect of Acid Phosphate. — The addition of acid phosphate

to a combination of nitrate of soda and muriate of potash,

furnishing adequate quantities of nitrogen and potash, has

but little effect upon the crop.

Effect of Potash.— The use of muriate of potash in connec-

tion with a mixture composed of nitrate of soda and acid phos-

phate in adequate amounts greatly increases the crop, but a

quantity in excess of 300 pounds to the acre has not been

beneficial.

Comparison of Different Materials as a Source of Potash.—
Muriate of potash is used in these experiments as the source of

potash on almost all plots, but for the purpose of comparison

one plot for each is introduced where the source of potash is

different. The materials under comparison are wood ashes,

kainit, high-grade sulfate of potash and low-grade sulfate of

potash (potash-magnesia sulfate). The yield on all of these

materials is considerably less than on the muriate of potash,

but the kainit is considerably superior to the ashes or either

of the sulfates. It is important, however, to call attention to

the fact that it seems likely that the yield on the plots receiving
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ashes aud the sulfates of potash is slightly decreased by the

neighborhood of an oak tree, which stands about two rods dis-

tant from one end of the field.

General Conclusion. — The general conclusion is at least

strongly suggested that in common practice among the aspara-

gus gi'owei's of the State chemicals are frequently used in quan-

tities in excess of those which are required to jDroduce maximum

crops.

Breeding Experiments.

The new types of asparagus produced by the crosses made

by Professor K^orton, and referred to in previous reports, have

not been subjected to tests as severe as Professor Norton has

desired during the past two years since rust has been less pre^'a-

lent than usual. So far as can be judged, however, the best

rust-resistant types fully retain their valuable characteristics.

Numerous other crosses which are promising have been made.

We have experienced great difficulty in our efforts to produce

seed from the more desirable breedings, owing to the ravages

of the asparagus beetle (Crioceris 12-punctata), which preys

both on foliage and directly upon the berries. Thus far no

thoroughly satisfactory method of protection has been dis-

covered. This fact will necessarily make the time when we

shall be ready to distribute seed for trial later than we had

hoped, and we are unable at present to announce when such

distribution will be possible, nor can we state the basis on

which any distribution will be made. Clearly, however, the

new types must be so handled as to insure the multiplication

of those which seem most desirable as rapidly as possible in

order that they may be available at an early day for test under

a wide diversity of conditions.

CRANBERRY SUBSTATION, WAREHAM.

A full report on the experimental work of the past year will

be found in Bulletm loOXP&rt II., page 37), which is a part

of this annual report. Bulletin 150 also contains a paper by

Professor Morse on the composition of bog waters (Part II.,

page 62).
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The bog produced a very superior crop in 1913, both as to

quantity and quality of the fruit. The accounts are so kept as

to make it possible to distinguish between such expenses as

would be required in ordinary bog management and such as

are incurred in connection with the experiments in progress.

The area of the bog is, in round numbers, twelve and one-half

acres. The two financial statements follow:—

Bog Account.

Maintenance :
—

Tools and similar equipment bought or re

paired,

Oil for engines, etc. (gasoline, kerosene and

lubricating),

Engine and bog pump repairs.

Pumping labor,

Bees, rental of,

Mowing of upland, .

Weeding,

Fertilizers,

Mending dikes,

Digging out ditches.

Repairs to buildings,

Lumber, ....
Sundries,

Miscellaneous labor,

Raking vines after picking.

$94 29

96
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Experimental Account.

Experimental :
—

Labor, $422 42

Supplies and apparatus, 279 23

Spraying materials, 10 10

Fertilizers, 9 37

$721 12

Stationery and postage, • • 43 95

Traveling, ......•••• 35 22

Contingent :
—

Freight, $8 02

Express, 7 15

Surveying, 5 00

Carting, 14 40

Telephone, 27 11

Painting, 9 50

Lumber, 18 75

Incidentals, 1 92

Carpentering 4 12

95 97

Furnishings, 1 25

Total, $897 51

The total sales for the year were as follows :
—

Fruit, $6,667 22

Vines, 19 65

$6,686 87

The total receipts for products sold amounted to $6,686.87.

The total ordinary bog expenses were $2,238.02. Eeceipts for

products sold, therefore, exceeded ordinary expenses to the

amount of $4,448.85. It will be seen that the bog during the

year has furnished a large surplus, available to help cover the

costs of experimental work. The total experimental expenses

shown in the above table amount to a little less than $900, but

this, it should be pointed out, does not include the salary of

the superintendent. Even with this included the bog during

the past year is somewhat more than self-supporting, but at-
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tention is here called to the fact that cranberry bogs show a

marked tendency to heavy fruit production in alternate years

only. The product of 1912 sold for $1,069.87. If the two

years, 1912 and 1913, then be included, the bog does not pro-

duce sufficient income to cover both ordinary and experimental

expenses, and it can hardly be anticipated that over a series of

years it will do this, although undoubtedly it will carry a con-

siderable share of such expenses unless the scope of our work

be greatly increased, as compared with that at present car-

ried on.

During the past year Dr. Franklin has continued to co-oper-

ate with the United States Weather Bureau at Boston in

weather observations, with a view to collecting data which

shall be useful in forecasting frosts. He believes that sub-

stantial improvement has been made. At the same time im-

portant experiments on methods for frost protection have been

in progress. The Skinner system of sprinkling has been tested,

with unfavorable results. Other methods are suggested, among

them protection from the early morning sun by smoke or some

other screen, which method, however, has not been fully tested.

The value of keeping a bog well sanded as a means of frost

protection is pointed out.

Co-operative work with the United States Department of

Agriculture, which is represented in such work by Dr. Shear,

has been continued. The results do not clearly indicate that

the systems of spraying which were tried were efficacious.

Copper sulfate in different proportions in the flowage water

has been tested as a fungicide. The results were not favorable.

Preliminary work looking toward the possible development

of varieties superior to those now generally cultivated has been

begun, — a line of work which should prove of much value.

The relation of insects, especially the honey bee, to the pol-

lination of the flowers has been further studied, the results

fully confirming those previously obtained. The cranberry ap-

pears to be dependent upon transfer of pollen by insects, and

the honey bee is undoubtedly one of the most important among

such insects.

Fertilizer experiments were continued, the application of
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materials being deferred until July 15, with a view to avoiding

the possible loss through reflowage, which it was believed might

be necessary up to that date for protection from insects or frosts.

There was no increase in crop as a result of the application of

any of the fertilizers ; indeed, the fertilized plots gave somewhat

smaller yields than the unfertilized. Whether this was due to

the lateness of the application is uncertain. The result is,

however, the opposite to that which was obtained in 1912.

A large part of the work of Dr. Franklin has consisted in

further study of the various insects which affect the crop. The

observations made and the results obtained are fully set forth

in Dr. Franklin's report. Among the more important conclu-

sions which appear to be justified are the following:—
Careful observations have been made on a span worm

(Epelis truncataria var. faxonii Minot). The pupa? are not

destroyed by winter flowage. Heavy sanding kills most of them.

In cases of very heavy infestation burning over the bog may

be the best course to take in order to get rid of the insect.

Observations and further experiments on the flowed bog fire-

worm (Rhopohota vacciniana (Pack.)) indicate that late hold-

ing of the winter flowage (until about June 1), and reflowing

about three weeks later, is an effective means of destroying this

insect. Spraying with arsenates is also useful, but whether

arsenate of lead or Paris green should be preferred is not yet

certain, although it is believed that the arsenate of lead is the

better of the two. There appears to be a considerable differ-

ence in the extent to which different varieties are attacked by

this insect, the Late Howe being much more seriously injured

than the Early Black.

A number of important parasites of the fruit worm (Mineola

vaccinii (Riley)) have been discovered and studied. The most

important among them ap])ears to be Plianerotoma tibialis.

Just how important this will prove to be in helping to control

the fruit worm is not yet clear. Observations indicate that

parasites are much more abundant on dry bogs than on those

which are flowed.

Flowage experiments indicate that fall flowage, whatever

the depth, is not effective in destroying the fruit worm. Experi-
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ments on dry bogs indicate that resanding is not an effective

method, and the suggestion is made that in case of very heavy

infestation the destruction of all the bloom by spraying with a

solution of iron sulfate will be an effective means of starving

out this insect in a bog so treated.

Experiments on weed destruction by spraying with iron

sulfate indicate that a 20 per cent, solution is fairly effective

in killing the tops of horsetail (Equisetum), but the roots

were not killed ; and Dr. Franklin is not ready to recommend

repeated use of such a solution, as it is possible that in large

amounts it will prove injurious to the cranberry itself.

Copper sulfate dissolved at the rate of 1 pound to 25 gallons

of water injected into holes in the bogs proves ineffective.

Careful observations upon the fruit produced by plots re-

spectively untreated and resanded indicated that resanding

injures keeping quality.

Professor ]\Iorse's work in the study of the water from cran-

berry bogs indicates that the composition of this water was not

affected to an appreciable extent by the varying fertilizer treat-

ment of the different bogs. His observations further indicate

that vine growth is affected in greater degree by varying drain-

age conditions than by variation in fertilizer applied. The

greatest vine growth was obtained in the bogs through which

the water moved with greatest freedom.

INVESTIGATION.

In the agricultural department of the experiment station the

• lines of experimental work pursued have been similar to those

followed for the last few years, but supplemented more and

more fully by correlated chemical studies. In this work the

usual number of field and closed plots has been employed. The

number of pot experiments has been less than usual, owing to

the absence of the director during the early part of the year.

Attention will be here called to a few only of the results which

seem most fully established.

High-grade sulfate of potash combined with bone meal con-

tinues to show itself superior to muriate in the same combina-



1914.] PUBLIC DOCUMENT— No. 31. 33 a

tion for alfalfa, raspberries, blackberries and rhubarb. The
rates of yield per acre for these crops on the two potash salts

under comparison during 1913 were as follows:—

Sulfate
of Potash.

Rhubarb (pounds), .

Blackberries (pounds),

Raspberries (pounds).

Alfalfa (tons).

24,174

8,263

2,6S3

4.2

Muriate of potash, on the other hand, gives much larger

yields of asparagus than the sulfate, both being used with equal

quantities of bone meal. The rates of yield per acre are as fol-

lows :
—
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due to the proximity of the trees in the sulfate of potash plot

to a neighboring forest.

Some fire blight showed itself in this orchard during the past

season. The several plots in severity of blight injury ranked

in the following order: 4, 5, 1, 2, 3. The Greening variety

showed more blight than any other in all the plots except No. 5,

in which the Gravenstein showed rather more than the Greening.

In the south soil test, where each plot has been continuously

fertilized in the same M'ay for twenty-five years, the crop in

1913 being corn, muriate of potash showed itself to be much
superior to either nitrate of soda or acid phosphate in its effect

upon that crop. The average rates of yield per acre on the

nothing plots were :
—

Hard Corn
(Bushels).

Soft Corn
(Bushels).

Stover
(Pounds).

Nothing plots, 7.9 1,870

The rates of yield on the different fertilizer combinations

were as follows :
—
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On the south corn acre manure alone at the rate of C cords

per acre gives about COO pounds more hay than the combination

of 4 cords of manure and 160 pounds of high-grade sulfate of

potash. This is the twenty-fourth year of this experiment.

In the experiment comparing different phosphates used in

such quantities as to furnish equal phosphoric acid, which has

been in progress since 1897, the crop this year was corn. The

apparent effects of the different phosphates upon the crop are

shown in the following table :
—

Gain or Loss.

Plot 1, no phosphate,

Plot 2, Arkansas rock phosphate,

Plot 3, South Carolina rock phosphate.

Plot 4, Florida soft phosphate.

Plot 5, basic slag meal.

Plot 6, Tennessee rock phosphate, .

Plot 7, no phosphate,

Plot 8, dissolved boneblack,

Plot 9, raw bone, ....
Plot 10, dissolved bone meal,

Plot 11, steamed bone.

Plot 12, acid phosphate.

Plot 13, no phosphate.

It will be noted that the effect of the untreated rock phos-

phates upon the yield of grain is extremely small, there being

in most cases a slight decrease. On the other hand, the bone

meal, both raw and steamed, the basic slag and the superphos-

phates (dissolved boneblack, dissolved bone meal and acid phos-

phate) all give moderate increases. There is an increase in

stover in all cases, but materially smaller on the untreated rock

phosphates than on most of the others.

The crop of grain was undoubtedly smaller than it otherwise

would have been because of the effects of the heavy frost which

came just before the middle of September, at which time the

ears were not mature. This frost killed the leaves of the plants
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and the outer husks of the ears, but did not entirely check their

development. There was, however, a large proportion of soft

corn. The proportion of soft corn on the basic slag meal was

least, and in general less on the soluble than on the more in-

soluble phosphates. The effect of the fertilizer, however, is

undoubtedly somewhat obscured by the fact that there is a

gradual increase in the proportion of clay in the soil from plot

1 toward plot 13. This difference makes the soil colder at the

end of the field, where the more soluble phosphates were used,

than at the other end, and this condition undoubtedly tended to

increase the proportion of immature corn.

The percentage of soft or immature corn as compared with

sound corn on the several plots is shown below :
—

Percentage of Soft Corn as compared ivith Sound.

Plot 1, no phosphate, 48

Plot 2, Arkansas rock phosphate, 66

Plot 3, South Carolina rock phosphate, . . . . . .87
Plot 4, Florida soft phosphate, 48

Plot 5, basic slag meal, • • .30
Plot 6, Tennessee rock phosphate, 51

Plot 7, no phosphate, 84

Plot 8, dissolved boneblaek, 86

Plot 9, raw bone, 58

Plot 10, dissolved bone meal, 44

Plot 11, steamed bone, 52

Plot 12, acid phosphate, 67

Plot 13, no phosphate, 80

In the experiment in top-dressing mowings with different

materials used in rotation since 1895 the crop was much below

the average on account of the great deficiency in rainfall, espe-

cially during the latter part of the season. The rates per acre

were as follows :
—

Rowen
CPounds).

Plot 1, bone and potash,

Plot 2, slag and potash (in place of ashes used in earlier years),

Plot 3, manure,

963

710

720
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In this field two different seed mixtures, referred to in pre-

vious reports respectively as the " fescue mixture " and the

" timothy mixture," are under comparison. The " fescue mix-

ture," as has been true for the past few years, gave a consider-

ably larger crop than the " timothy mixture."

The chemical department during the past year has published

one bulletin, " The Record of the Station Herd and the Cost

of Milk Production." This shows that the larger cows produce

milk at lower cost than the smaller, and the conclusion drawn

from the records (which are exact as regards food consumed

and milk yield, but necessarily estimated as regards labor and

some other items) is that milk of satisfactory quality can prob-

ably not be produced and sold at the farm at a profit at less

than from 5 to 5^/2 cents per quart.

The chemical department has published a bulletin, " The

Digestibility of Cattle Foods," found later in this report. In

this will be found the results obtained in a large number of

digestion experiments.

The chemical department has continued the study of the

effects of food on the composition of milk. In this connection

it has been found necessary, for accurate determination of the

chemical composition of butter fats, to discover and perfect

new methods and apparatus. A bulletin, " The Determination

of the Acetyl Number," found later in this report, describes

one of the improved methods. Some new forms of apparatus

and other methods now under trial are highly promising and

will be described in later papers.

The study of the composition of asparagus shoots and tops

at successive stages of growth has been continued in connection

with our study of the nutrition of this plant. Up to the present

time no clear relation between fertilizer treatment and compo-

sition has been proved.

Cranberry nutrition studies have been continued, the com-

position of the waters of the small artificial bogs established at

the station receiving particular attention. A paper on this

subject will be found in a bulletin in later pages, " Reports on

Experimental Work in Connection with Cranberries."

In the continued study of the effects of sulfate of ammonia

on the soil it has been found that its use as a fertilizer seems
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to cause a large removal of calcium in the drainage waters, and

it seems probable that the so-called acidity of soils fertilized

"with this substance is due, in part at least, to the solvent action

of the ammonium sulfate on the calcium.

It has been shown in the feeding experiments carried on in

this department that fish meal may be used as a source of a

part of the protein in the ration for dairy cows, although, owing

to the cost of such meal, it is doubtful if this would be the most

]jrofitable practice.

Extensive experiments with Molassine meal have shown that

at usual relative prices it is not an economical food for cows.

The report of the chemist, found in later pages, discusses

these matters in greater detail. In this report will be found

also a fuller statement than that found earlier in this report of

the work of the fertilizer, feed and dairy sections of the de-

j)artment, as well as a brief account of its general analytical

and other work.

The botanical department has published a bulletin, ^' The

Relation of Light to Greenhouse Culture." This presents the

results of numerous experiments, which clearly show the close

relation of varying light conditions to the development and

health of crops. Upon these results are based important recom-

mendations as to the location and construction of greenhouses.

The principal line of investigation followed in the depart-

ment for several years— the effects of environment upon the

growth of plants and crops, both in health and disease— has

been continued.

A new form of spray nozzle, which is unusually efficient at

a considerable distance from the point of discharge, has been

perfected and patented.

Another subject which is receiving careful investigation is the

relation of light to burning, following application of niiscible

oils.

The report of the botanist, found in later pages, discusses the

matters here referred to in greater detail.

The investigation work in the poultry department has been

well started. The principal line of work in progress is a

thorough study of the capacity of each hen in a carefully se-
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lected breeding flock of 144 birds to produce: (a) eggs, (6)

fertile eggs, (c) batchable eggs, (c?) viable chicks, (e) vigorous

adults ; and of the ability of each hen to transmit these qualities

to her progeny.

In the department of pomology a bulletin,— "A Study of

Variation in Apples,"— found later in this report, has been

issued. This bulletin presents the conclusions based on a study

of climatic and other conditions upon the size, shape and other

characteristics of apples. The investigation shows in general

that a high temperature is favorable to the development of rela-

tively flattened forms, and that, on the other hand, a low tem-

perature, especially during a period immediately following the

setting of the fruit, is favorable to elongated forms.

In the veterinary department methods of diagnosing infec-

tion with the bacterium which causes white diarrhoea in the

chicks of the domestic fowl have been studied, and a bulletin

on the subject
— "On the Diagnosis of Infection with Bacte-

rium Pullorum in the Domestic Fowl " — is found later in

this report. The conclusion is that the examination of the eggs

from suspected hens is not a practicable method for rapid diag-

nosis. On the other hand, macroscopic agglutination tests of

the blood can be rapidly made and appear to give reliable in-

dications.

In the entomological department the life history of the mar-

guerite leaf miner {Phytomyza chrysanthemi Kow.) has been

worked out and methods for its control discovered. Numerous

insecticides have been tested. A very active and efficient para-

site of the San Jose scale has been discovered. The work of

this parasite has been found very effective, having resulted in

the destruction of over 90 per cent, of the scales on the branches

of trees examined in many cases. The entomologist has sup-

plied parasitized scale to stations in a number of other States

and is still supplying material on request. A fuller report con-

cerning this scale and other work of the entomological depart-

ment will be found in later pages.

The report of the treasurer immediately follows the director's

report.

WM. P. BROOKS,
Director.
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REPORT OF THE TREASURER.

ANNUAL REPORT

Of Fred C. Kexney, Treasurer op the Massachusetts Agricul-

tural Experiment Station of the Massachusetts Agricul-

tural College, for the Year ending June 30, 1913.

United States Appropriations, 1912-13.

Hatch Fund. Adams Fund

Dr.
To receipts from the Treasurer of the United

States, as per appropriations for fiscal year
ended June 30, 1913, under acts of Congress
approved March 2, 1887 (Hatch fund), and
March 16, 1906 (Adams fund),

Cr.

By salaries,

labor,

publications,

postage and stationeiy,

freight and express,

heat, light, water and power, ....
chemicals and laboratory supplies,

seeds, plants and sundry supplies, .

fertilizers,

feeding stuffs,

library,

tools, machinery and appliances, .

furniture and fixtures,

scientific apparatus and specimens,

live stock,

traveling expenses,

contingent expenses,

buildings and land,

Total,

$15,000 00 $15,000 00

$9,669 91
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State Appropriation, 1912-13.

Cash balance brought forward from last fiscal year

Cash received from State Treasurer,

fertilizer fees,

farm products, .

miscellaneous sources,

$6,787 28

19,875 00

10,444 99

4,361 77

9,357 40

$50,826 44

Cash paid for salaries,

labor, ....
publications,

postage and stationery,

freight and express,

heat, light, water and power,

chemicals and laboratory supplies,

seeds, plants and sundry supplies,

fertilizers, .....
feeding stuffs, ....
library,

tools, machinery and appliances, .

furniture and fixtures,

scientific apparatus and specimens,

live stock,

traveling expenses,

contingent expenses,

buildings and land,

balance,

$19,736 36

7,728 98

1,573 42

1,152 77

361 62

419 87

1,014 37

1,104 18

321 80

893 68

215 36

507 39

392 97

104 40

231 50

2,737 34

130 00

625 88

11,574 55

$50,826 44
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REPORT OF THE CHEMIST.

JOSEPH B. UNDSEY.

1. WOKK OF THE RESEARCH SECTION.

Mr. Holland and assistant have devoted their time largely to

a study of methods for a more thorough examination of butter

fat in connection with our study of the effect of food upon the

composition of milk. The work has been along the following

lines :
—

(a) The study of methods for the quantitative determination

of the several insoluble fatty acids in butter fat. This has led

to a very thorough study of the constitution of oils and fats, and

resulted in a new process for the determination of hydroxy

acids, both free and combined, of monoglycerides and diglycer-

ides and of free insoluble alcohols. A paper on this subject

will be published as a bulletin.

The study has led also to the development of a new process

for the determination of stearic acid, which promises to be far

preferable to that of Hehner and Mitchell on account of better

thermostatic control during the filtration period.

The large amount of analytical work has, in itself, brought

to light a mass of valuable information relative to solutions and

details of manipulation which assure greater accuracy, and has

resulted in a systematic congelation and standardization of the

more common methods.

In addition to the above, butter fat from Jersey and Holstein

cows at the beginning and end of lactation has 'been analyzed

by recognized methods.

(h) The stability test with olive oil is being continued.

While the physical changes are pronounced in many instances,

the chemical are not sufficient as yet to merit a report.
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(c) The work on insecticides has been comparatively light,

and that largely advisory, with the exception of a carefnl ex-

amination of several samples of a new dry acid lead arsenate

which the entomological department has tried the past season.

(d) Considerable time has been spent during the past year in

the development of an adiabatic bomb calorimeter, in co-opera-

tion with Mr. E. A. Thompson, the able mechanic of Amherst.

The apparatus is now completed and is proving quite satis-

factory.

Mr. Morse and assistant have given their time to work on

asparagus, cranberries, and to the action of sulfate of ammonia

on the soil of field A of the station.

(a) The work of the past year on asparagus has been the

completion of determinations of the composition of asparagus

shoots and tops at successive stages of growth.

(&) The study of the composition of the drainage water of

miniature cranberry bogs constructed on the station grounds

has been continued on the same lines as last year, with still

more attention to details of individual bogs.

(c) Effect of sulfate of ammonia on the soil. Particular at-

tention has been giv^n to composition of the drainage waters

in field A and also to the ability of the soil in different plats

of the field to absorb ammonia from the ammonium sulfate.

One notes a large removal of calcium from the soils of the

plats receiving ammonium sulfate. The so-called acidity of

soils thus fertilized is probably due, in part at least, to the sol-

vent action of the ammonium sulfate on the calcium.

Work in animal nutrition by Dr. Lindsey has included :
—

(a) Digestion experiments with hay, corn meal, mangels,

cabbage, cabbage leaves, Swedish turnips, Postum cereal resi-

due, Mellin's Food Avaste, two kinds of fish meal and ]\[olas-

sine meal,

(&) A study of fish meal as a source of protein for dairy

animals. A combination of bran, corn meal and cottonseed meal

was compared with bran, corn meal and fish meal. The results

indicated that it was perfectly feasible to use fish meal as a

part of the ration for dairy animals ; but at prices usually pre-

vailing, it might make the ration a little more expensive.
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(c) Molassine meal as au ecouomic food for farm stock.

The experiment indicated that, at the same moisture content,

1 ton of Molassine meal contained substantially 900 pounds of

digestible organic matter, as against 1,400 pounds for corn

meal. On this basis Molassine meal would have scarcely two-

thirds of the nutritive value of the corn. An experiment with

milch cows was made in which 4.3 pounds of corn meal were fed

against 4.3 pounds of Molassine meal. The cows yielded some

14 per cent, more milk on the ration of which corn meal was

a comjDonent.

(d) Studies have been continued on milk substitutes for

dairy calves and the food cost of rearing dairy heifers until

two years of age.

2. Work of the Fertilizer Sectiox.

The principal work of the fertilizer section has been the

annual inspection of commercial fertilizers. There has been

a decided increase in the work of the fertilizer inspection from

year to year. A larger number of commercial fertilizers has

been registered, collected and analyzed during 1913 than for

any previous year.

(a) Fertilizers registered.

One hundred manufacturers, importers and dealers, including

the various branches of the large corporations, have secured

certificates for the sale of fertilizer, agricultural chemicals, raw

products and agricultural limes in the Massachusetts markets

during the season of 1913. They may be classed, as follows :
—

Complete fertilizers,

Fertilizers furnishing phosphoric acid and potash,

Ground bone, tankage and di-y gTound fish, .

Chemicals and organic nitrogen eomjiounds, .

Agi'icultural limes,

346

g

58

101

27

541
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(&) Fertilizers collected and analyzed.

During the present season 133 towns were visited and 1,299

samples, representing 571 brands, were drawn from stock found

in the possession of 381 different agents. This is 119 more

samples, representing 44 more brands, than were taken during

the previoiis year.

Seven hundred and forty-seven analyses (573 distinct

brands) have been made during the year's inspection, as fol-

lows :
—

Complete fertilizers, 427

Materials furnishing phosphoric acid and potash,.... 26

Ground bone, tankage and fish, 67

Nitrogen compounds, 95

Potash compounds, 45

Phosphoric acid compounds, 47

Lime compounds, .......... 40

747

The details regarding this inspection work will be found in

Bulletin ISTo. 147, published in December, 1913.

(c) Other Worh of the Fertilizer Section.

Analyses were made of the ash of 4 samples of crimson

clover plant and root, of 10 samples of asparagus plants and

of 8 samples of tobacco leaves ; 86 dry-matter determinations

were also made on different field crops in connection with ex-

perimental work of this section.

In addition to the above, 326 different substances have been

received from farmers, farmers' organizations and the various

departments of the experiment station, and analyzed as fol-

lows :
—

Fertilizers and by-products used as fertilizers, .... 149

Lime products, .......... 19

Soils for lime requirement test .68
Soils for complete analysis, .4
Dry-matter determinations, ........ 86

326
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Considerable time has been given to co-operative work with

the Association of Official Agricultural Chemists, Mr. L. S.

Walker having served the association in the capacity of asso-

ciate referee on phosphoric acid for the past season. In this

work new methods for the analysis of basic slag phosphate have

been studied, also new methods for the determination of avail-

able nitrogen and potash in fertilizers.

{d) Field Experiments with Basic Slag Phosphate.

This experiment was instituted at the request of the com-

mittee on basic slag, which was appointed by the Association

of Official Agricultural Chemists for the purpose of determin-

ing, through vegetation tests, the efficiency of the phosphoric

acid in basic slag phosphate.

In the fall of 1912, two acres of land, belonging to the Dil-

lon farm, situated on the street leading from Amherst to Cush-

man, were leased for this experiment. It will be necessary, at

first, to exhaust the soil of available phosphoric acid, which will

require at least two years.

(e) Field Experiments ivitli New Mineral Fertilizer and

Stone Meal.

The field which served for this experiment was a part of the

two-acre field leased from the Dillon farm and adjoining the

land used for the basic slag experiment. The details of the

experiment with each crop have been published in Fertilizer

Bulletin 'No. 147.

(/) Incompleted Work.

A series of pot experiments was begun in the greenhouse

during the fall and winter of 1912 to determine the efficiency

of stone meal and the new mineral fertilizer as sources of plant

food. At the present writing the dry-matter determinations

have not l^een made on the crops gro^^^l, and the results will,

therefore, be reserved for a future publication.

Many of the cotton mills in the eastern part of the State

produce large quantities of a cotton waste product which shows,

upon analysis, a considerable quantity of plant food in connec-
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tion with a large amount of organic matter. An experiment

was undertaken during the past season to show to what extent

the product could be depended upon to take the place of manures

and fertilizers. The results are not yet ready for publication.

3. Eeport of the Feed and Dairy Sectiois-.

(a) The Feeding Stujfs Law (Acts and Resolves for 1912,

Chapter 527).

The first year's work with the revised feeding stuffs law was

completed Sept. 1, 1913. There have been collected and ex-

amined, since the law went into effect, 1,115 samples, all of

which practically conformed to their guarantees. The year has

been considered one of adaptation to new conditions, and no

prosecutions for violations of the law have been made, although

where infringement of the statute was noted, attention was

pointedly called to the matter through correspondence and con-

ditions corrected. The text of the new law was published in

Bulletin 'No. 142. Bulletin ISTo. 146 gives the results of the

inspection for 1913.

(h) The Dairy Law (Acts and Resolves for 1912, Chapter

218).

The dairy law, so called, requires that all milk inspectors

and other operators who use the Babcock test as a means of

determining the value of milk or cream shall secure a certificate

of competency from the experiment station. It also provides

that the glassware employed must be tested for accuracy by

the experiment station and marked in such a way as to indicate

the fact. In addition, an annual inspection of machines and

apparatus in the various laboratories of the operators is re-

quired.

1. Examination for Certificates. — Twenty candidates were

given certificates of proficiency during the year.

2. Examination of Glassinai'e. — Six thousand three hundred

and ninety-four pieces of Babcock glassware have been tested,

of which only 34 pieces were condemned as inaccurate. The

inspection shows an increasing number of 9-inch cream bottles
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and of the 8 per cent, milk test bottles in use. They are more

accurate than the 6-inch cream bottle and the 10 per cent, milk

test bottle.

Following is a summary for the thirteen years the law has

been in operation :
—
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1 . Creameries.

Location.



50 a EXPERIMENT STATION. [Jan.

Milk InHpedor.^

1 Does work for the State Dairy Bureau.

(c) Water Analysis.

Ninety-three samples of water have been examined during

the past year at the usual charge of $3 a sample. A large

number of these, especially those samples taken from wells, have

been condemned as unfit for domestic use. Public water sup-

plies are supervised by the State Board of Health.

{d) Milk, Cream and Feeds for Free Examination.

Many samples of milk, cream and feeding stuffs are received

each year at the laboratory for free examination. In general,

it is preferred that application be made for sampling and ship-



1914.] PUBLIC DOCUMENT— No. 31. 51a

ping- instructions before the sample is submitted. Only samples

of direct agricultural interest are considered, and the experi-

ment station will not act in the capacity of a private chemist

for a feed manufacturer, milk depot or creamery.

(e) Miscellaneous Work.

In addition to the work already described, this section has

co-operated with other departments of the college and State,

as follows :
—

1. It has arranged exhibits and furnished speakers in co-

operation with the extension service for fairs, farmers' meet-

ings and expositions.

2. It has co-operated with the Bowker Fertilizer Company
in making starch determinations on potatoes in connection with

the awarding of prizes.

3. It has co-operated with the agricultural department of the

college in making analyses of milk in connection with the

awarding of prizes at a dairy show held during " farmers'

week."
^

4. It has co-operated with the agricultural department of the

experiment station in making analyses of the corn plant to de-

termine the effect of frosts upon the nutritive value of the plant.

5. It has assisted the horticultural department of the college

by analyzing root crops to determine the effect of cold storage

in modifying their chemical character.

(/) Testing of Pure-hied Coics for Advanced Registry.

During the year, ten different men have been used for the

Holstein-Friesian work, and the entire time of three other men
has been taken in conducting the work for the Guernsey, Jersey,

Ayrshire and Brown Swiss associations. From Dec. 1, 1912, to

Dec. 1, 1913, 86 Guernsey, 122 Jersey, 2 Brown Swiss, 18

Ayrshire and 4 Holstein yearly tests have been completed.

There are now on test 110 Jerseys, 111 Guernseys, 24 Ayrshires

and 1 Brown Swiss, located at 28 different farms. For the

Holstein-Friesian Association there have been completed 120

seven-day tests, 10 thirty-day tests, 5 fourteen-day tests and 1

sixtv-day test.



52 a EXPERIMENT STATION. [Jan.

4. Numerical Summary of Substances examined ix the

Chemical Laboratory.

The following substances have been received and examined

:

93 samples of water, 305 milk, 1,452 cream, 3 ice cream, 2

butter, 191 feedstuffs, 149 fertilizers and fertilizer refuse ma-

terials, 72 soils, 19 lime products, 22 plant ash and 6 miscel-

laneous. There have also been examined in connection with

experiments in progress by the several departments of the

station, 167 samples of milk and cream, 193 cattle feeds and

352 agricultural plants. In connection with the control work,

there have been collected 1,299 samples of fertilizer and 1,115

samples of feedstuffs. In addition, 30 samples of coal have

been analyzed by the research section for the college heating-

plant. The total for the year was 5,470. This does not include

the work of the research section, where many analyses are made

in connection with research problems, nor the work imder the

dairy law already reported.

5. Correspondence.

The number of letters sent out during the year is about 5,000.

The larger part of the correspondence is devoted to work in con-

.

nection with our several inspection laws. A considerable

amount of time, however, is devoted to the answering of special

inquiries from the farmers of this State.
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REPORT OF THE BOTANIST.

GEO. E. STONE.

During the past year the work in this department has been

along the usual lines, attention being given to new problems as

they arise. The drought was so severe that an unprecedented

number of urgent calls for investigation of diseases had to be

attended to, and the diagnosis work taxed our resources

severely.

The usual seed work, consisting of separation and tests for

germination and purity, has been carried on, but the equipment

is deficient, especially for germination work.

Mr. G. H. Chapman, research assistant, has been studying

at the University of Prague on leave of absence, and his place

has been taken by Mr. O. L. Clark, who has spent three years

in German universities and was at one time assistant to Prof.

L. Jost of Strassburg University, Elsass.

Many of the lines of investigation which were outlined in

our last annual report have been continued, some of them being

practically completed and ready for publication. Studies of

the diseases of crops and of trees, together with investigations

of new methods in tree surgery and of long-distance, high-pres-

sure spraying nozzles especially adapted to shade tree work,

have been continued. Some of the nozzles have already proved

very satisfactory, and have been reported as cutting the expense

of spraying one-half, without any decrease in efficiency. One

has been patented in the writer's name and assigned to the

college, with the provision that any income derived from its

sale shall be used by this department subject to the approval

of the committee on experiment department and of the director

of the station.
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Study has been made of a new bacterial disease of the to-

mato, and experiments made with extermination of weeds in

lawns, etc., and tests of various proj^rietary sprays and fungi-

cides and of crude by-products recommended as soil fungicides

and sprays, some of which have proved very eflScient in control-

lino- the potato scab. (See twenty-fifth annual report.)

Experiments relating to the exclusion of roots from drain

tile have been continued, and positive results obtained. Experi-

ments with chemical methods to destroy horsetail (Equisetiim),

one of the worst weeds in cranberry bogs, also give promise of

being successful. Attention has been given to the influence

of soil moisture on seed germination, and some problems re-

lating to the stimulating effects on crops of various gases have

been taken up. Further study is being made of soil steriliza-

tion, particularly of new methods ; and also of malnutrition of

plants.

A number of problems properly coming under the Adams

fund project, and covering in a broad way the effects of

meteorological conditions on plants, are being studied as fol-

lows : the relation of light to burning from spraying with fungi-

cides and insecticides; relation of light to burning from miscible

oils ; nature and cause of burning by fumigation with various

gases ; effects of electricity on nitrogen fixatiori in soils and on

the stimulation of plants in general.

Some of these investigations have been published during the

past year in Bulletin No. 144, '' The Relation of Light to Green-

house Culture," a physiological and pathological study of the

subject ; another paper dealing with the relation of light to

burning from miscible oils is in preparation ; and still others

on research problems which have been studied for some time

in our laboratory.
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REPORT OF THE ENTOMOLOGIST.

VH. T. FERNALD. V

The entomological work of the experiment station during

1913 has been mainly along lines indicated in previous reports.

It has not seemed wise to take up many new subjects for in-

vestigation, but, instead, to devote most of the time available

to those already under way.

Experiments for the control of the onion maggot, begim in

1912, were discussed in the last annual report. The work of

the first season indicated that the methods recommended by

most Avriters were either ineffective or too costly for practical

use. The season of 1913 was therefore devoted to the testing

of new materials as insecticides, particularly applied during

the ]^lanting process, in order to avoid the expense of special

applications. None of the materials thus tested proved to be

entirely satisfactory, though one or two were sufficiently so to

warrant repetition the coming year. Avhen further experiments

will accordingly be made.

Studies on the marguerite leaf miner {Pliytomyza chrysan-

tJiemi Kow.) have been made at intervals at this station for

a number of years, as opportunity offered. The work has at

last been completed, the entire life history of this gi'eenhouse

pest having been ^vorked out, together wdth methods for its

control, and the completed paper by Mr. 'M. T. Smulyan is

about ready for publication.

Observations of the dates of hatching of the more important

scale insects of this region have been continued, and the data

which have been accumulating on this subject should prove of

much value, at least localh\ The work should be continued at

least two or three years longer.
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The box leaf miner (Monarthropalpus huxi Lab.), a recent

arrival in this country, has caused much injury to box trees

and hedges. Its life history and habits are little understood,

and a study of this subject and of control methods has been

begun.

Tests of various insecticides have been made from time to

time, though in most cases sufficient opportunity was not

available for anything like sufficient experiments to permit final

conclusions. Of the materials tested, the dry arsenate of lead

manufactured by the Corona Chemical Company proved very

satisfactory, as did also Bowker's lime sulfur prepared by the

Bowker Chemical Company, and lead arsenate paste furnished

by the Powers, Weightman, Rosengarten Company. Kylscale

and soluble sulfur did not give as satisfactory results in con-

trolling the San Jose scale as had been hoped, though many of

the insects were undoubtedly destroyed.

Under the Adams fund, work has been continued on the

projects already authorized. In the study of the importance of

wasps as parasites it had already been found that any deter-

mination of this for the different kinds must necessitate a recog-

nition of the different species, of their distribution and relative

abundance. To clear up these points, a study of the material

from this country in Europe was necessary, and fortunately

this became possible last year. The way is now clear to con-

tinue this work on a sound basis as a result of these studies,

and it is being prosecuted as rapidly as possible.

The tests of various insecticides, referred to in previous re-

ports_, have been continued, and about 4,000 are now recorded.

The results thus far have been as satisfactory as could be ex-

pected, and the project will be continued.

The work of the apiarist of the station is stated as follows :
—

As reported in person to Dr. Evans, Sept. 29, 1913, the Adams fund

project of the apiarist of the station has progressed along its orig-

inally intended lines. Effort was made to ascertain the number of visits

per unit of time which are made by a bee to flowers, as, for instance,

to the clover. The visits are a complex of reactions, which thus far

are interpreted with consideration of weather, abundance of nectar in

the flowers, the frequency of visits of other bees to the same flower,
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the time of day, and nectar-jielding conditions. Earlier experiments

with bees in reaction to tissue paper flowers evinced that either touch

or odor was a factor as well as color. Here again odor apparently was

involved in the case of clover. Apart from the jurisdiction of the

college, it was reported that significant finding's had been made concern-

ing dissemination, persistency, and especially the incipient stages of

the brood diseases of bees, respectively European foul brood, American

foul brood and sac brood. Observations were also made concerning the

curative value of the so-called '*' dequeening process," and the impor-

tance of Italianization. Equipment has been procured for an experi-

ment the current month concerning stimuli which attract bees.

The discovery of an active and very efficient parasite of the

San Jose scale was made at this station during the year, and

deserves somewhat more than casual mention.

Numerous specimens of this scale are examined each year.

Generally only a few parasites have been noted, these being

the well-known Aphelinus fuscipennis How., and not sufficiently

abundant to be of any importance. In the fall of 1912, how-

ever, a large amount of parasitism was observed, and the para-

sites were accordingly bred. They proved to be an unknown

species which is described and published in the Annals of the

Entomological Society of America for March, 1913, by Mr.

D. G. Tower, a graduate student at the college, in whose hands

this subject had been placed to follow up. During the year

Mr. Tower has continued his observations on this insect and

has its life history nearly completed.

During 1913 this parasite has been extremely abundant, and

in many cases has parasitized over 90 per cent, of the scales

on the branches of the plants examined. It has also been foimd

in other parts of the State, and has been reported from Con-

necticut, 'New York and Pennsylvania, and is probably still

more widely distributed. The station has sent out supplies of

parasitized scales to a number of other States and is still supply-

ing material on request.

That this insect may be of great value is evident by its work.

It is only fair, however, to call attention to the fact that such

insects often appear in great abundance for a time, after which

they become less numerous and accordingly far less important.

In any case, so long as a single San Jose scale can srive rise to
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over three billions of descendants in a single year (Bulletin

4, Division of Entomology, United States Department of Agri-

culture) it can hardly be anticipated that spraying for this

insect can be omitted.

The correspondence during the year has been fully as large

as heretofore, and many insects sent in have been species of

which little is known. This has necessitated a large amount of

research, and often the rearing of the insects before satisfactory

information as to methods of control could be furnished.

Insects found by the nursery inspectors of the State on im-

ported nursery stock are sent to this station for identification,

and this phase of the work, being quite novel, has also taken

considerable time. A number of foreign pests not at present

established in this country have been discovered in this way.

The collections have constantly increased in size and value.

There are now probably considerably over 100,000 pinned speci-

mens, besides many samples of work done by insects, a large

number of mounted slides and many alcoholic specimens. The

proper care of a collection of this size, and of adding to it

material collected each year, is sufficient to occupy the entire

time of one man. At present it is partially attended to vas

opportunity offers. The time is rapidly approaching when it

must receive more attention or 2"reatlv lose in value.
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REPORT OF THE POULTRY HUSBANDMAN.

JOHN C. GRAHAM.

The chief investigations started last year, and which are still

in progress, consist of a thorough study of the capacity of each

hen to produce (a) eggs, (6) fertile eggs, (c) hatchable eggs,

(d) viable chicks, (e) vigorous adults, and of the ability of each

bird to transmit these qualities to its progeny.

Secondary studies are being made of the inheritance of

various color and form characteristics. To this end, 144 pullets

were trapnested through the year 1913.

During the breeding season eggs were incubated, a record

being kept of each egg and its fate, and over 2,000 chicks were

hatched, as many as possible being reared to maturity.

Feather charts of all adults have been made. Besides the

main experiments, various trials have been made, from time to

time, of such problems as suggest themselves with a view of test-

ing their possibilities. Considerable time has been spent on

autopsies of birds sent in by poultrymen.

During the last half of the hatching season it was found that

coccidiotis had gained such headway that a large number of

chicks were lost from this disease, besides injuring many more.

There are so many obscure points in the life history of the

causative organism that a large amount of time has to be de-

voted to its study, to the disadvantage of our other investiga-

tions ; however, certain points regarding the disease had to be

made out before we could proceed with our other work with

confidence. These points have now been studied with sufficient

care to outline a favorable method of management.
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During the last two years the scientific evidence at hand concerning

the role of Badermm pullorum (Rettger) in bacillary wMte diarrhoea of

young chicks and relations of it to ovarian infection in adult fowls has

been most conclusive. Rettger and Stoneburn^ pointed out the fact that

adult hens were the original source of infection to young chicks suffering

with baciUary white diarrhoea.

In their report of 191P they further substantiate the results of the

previous paper in that adult hens are the original source of infection;

that eggs from infected hens may contain the organism in the yoUv.

In a tliird report, 1912, ^ they fuUy support statements of their previous

work concerning ovarian infection, and they conclude that the ovaries

maj^ become infected by contact of the hens with infected hens or by
artificial infection of the litter. "The infection is, in all probabihty, ac-

quired through the mouth."

Gage, in 1910-11,^ in publication of reports from experiments conducted

at the Maryland Experiment Station, concluded that Rettger and Stone-

burn were correct in their work of the previous year, corroborating the

fact that white diarrhoea, as poultrjTiien understand it, is a bacillary

disease caused by Bacterium pullorum (R), and that the hen is the original

1 Rettger, L. F., and Stoneburn, F. H.: Bulletin No. 60, 1909, Storrs Agricultural Experiment
Station. "Bacillary white diarrhoea of young chicks."

2 Rettger, L. F., and Stoneburn, F. H., Bulletin No. 68, 1911, Storrs Agricultural Experi-

ment Station. "Bacillary white diarrhoea of young chicks" (second report).

' Rettger, L. F.. Stoneburn, F. H., and Kirkpatrick, Wm. F.: Bulletin No. 74, 1912. "Bacil-
lary white diarrhoea of young chicks" (third report).

* Gags, Geo. Edward: "Notes on ovarian infection with Bacterium pullorum (Rettger) in

the domestic fowl." Journal Medical Research, Vol. XXIV., No. ; N. S., Vol. XIX., No. 3:

June, 1911, pp. 491-496.
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source of infection, transmitting the organism from the ovary to the

eggs.

Jones, in his reports of 1910^ and 1911, ^ again supports the work of

Rettger and Stoneburn, and also finds that the local disease in the ovary

of adult fowls may be produced by the intravenous injections of Bacte-

rium pidlorum.

From these reports it can be seen that the problem now consists in

methods of determining the presence of the virus in adult hens. From
examination of eggs it has been almost impossible to make a diagnosis

of this infection within a short time, since Bacterium pullorum is ehminated

so irregularly that it is necessary, often, to examine all eggs laid by a sus-

pected hen over a long period.

Jones 3 suggested the use of an agglutination similar to that used in

the diagnosis of glanders and contagious abortion for detecting ovarian

infection, and in a later paper * has given an excellent example of the value

of the macroscopic agglutination test for detecting individuals harboring

B. pullorum.

It is the object of this paper to present the results of the work con-

ducted in the investigational laboratory of the department of veterinary

science concerning the diagnosis of this ovarian infection in adult hens

by egg analysis and by macroscopic agglutination tests, together with

data which have been obtained concerning the various factors which must

be considered in making the tests. It shall also serve to demonstrate the

practicability of these tests as a routine laboratory procedure, the work

having been performed in many respects by three different technicians.

The subjects used for these experiments were all suspected of harboring

the virus of Bacterium pullorum. The organism had been detected in the

yolk of eggs from hens Nos. 267, 792, 452, 714 and 464 prior to their arrival

at the laboratory. Hens Nos. 1, 2, 4, 5, 6, 7, 8, 10, 13, 18, 22, 34, 35, 46,

48, 49, 52, 53, 60, 61, 77, 312, 315, 618 and 2096 were all suspects. Hens

Nos. 1, 2, 4, 5, 6, 7, 8, 10, 13, 18, 22, 48, 52 and 53 had been inoculated

intravenously with 1 c.c. of a bouillon suspension of a culture of Bacterium

pullorum^ known according to the filing-denotation of Bacterium pul-

lorum in this laboratory as M., which had been isolated from the ovaries

of a white Orpington pullet, and proven absolutelj'' to be capable of pro-

ducing the disease in young chicks. Hens Nos. 34, 35, 46, 49, 60, 61,

77, 312, 315, 618 and 2096 had been closely associated with hens which

had received the intravenous injection, but, so far as the author has been

able to ascertain, only for a short time. Since the data on these last

1 Jones, F. S.: "Fatal septecemia or bacillary white diarrhoea in young chickens." Annual

Report of the New York State Veterinary College for 1910, pp. 111-129.

2 Jones, F. S.: "Further studies on bacillary white diarrhoea in young chickens." Report,

New York State Veterinary College, 1910-11, pp. 69-88.

3 Jones, F. S.: Report, New York State Veterinary College for 1910-11, p. 76.

* Jones, F. S.: " The value of the macro-scopic agglutination test in detecting fowls that are

harboring Bad. pullorum." Journal Medical Research, Vol. XXVII., No. 4; N. S., Vol. XXII.,

No. 4, pp. 485^95.

' Gage: "Notes on ovarian infection with Socierium pu^forum in the domestic fowl." Journal

Medical Research, Vol. XXIV., No. 5; N. S., Vol. XIX., No. 3, p. 493.
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birds were so incomplete concerning their histories, it was considered wise

to put all together and include them all in the tests. Birds Nos. 1, 2, 4,

5, 6, 7, 8, 10, 13, 18, 22, 48, 52 and 53 were all more than three years old,

and were sent to this laboratory through the kindness of Director H. J.

Patterson of the Maryland Agricultural Experiment Station, where the

author had started work to determine the possibility of artificial infection

of ovarian tissue by intravenous injections of the organisms, — work

which was interrupted before final results could be obtained.^ Jones,^

however, was successful in his attempts to bring about ovarian infection

with Bad. pullorum by the injection of pure cultures of the organism into

the blood circulation of hens.

All individuals retained for these tests were trap-nested and complete

egg records kept of each hen.

Methods employed in the Examination of Eggs for Bacterium
Pullorum.

The object primarily in making the examination of all eggs laid by

these suspected hens was to determine if possible the presence of the

organism in the yolk, which would be of value in checking up the work

in connection with any of the serum reactions which later might prove

positive. The method used for these egg analyses was essentially that

used by Rettger.' Eggs were allowed to remain several minutes in car-

bolic acid (1-40) and dried with sterile absorbent cotton. The end of the

egg was sterilized by flaming, the flamed portion cut around with sterile

scissors. The albumin was carefully separated from the yolk and the

yolk inserted into a large test tube (Buchner type) containing about

30 c.c. sterile bouillon. In the first part of the egg-testing work fresh

eggs were studied, but later the eggs were incubated prior to the testing,

and in some instances sufficiently long for embryos to develop. In such

cases a sterile platinum loop or scissors were used to aid in freeing the

embryo from the shell and albumin. If embryo was very large it was

inserted into sterile bouiUon along with the rest of the yolk. The disin-

tegrated egg yolks in bouillon were placed in the incubator at 38° C. and

aUowed to remain there for varying lengths of time, the shortest period

being twenty-four hours and the longest two hundred and eighty hours.

After tubes were taken from bacteriological incubator the material was
thoroughly mixed and four samples streaked on four different tubes of

agar. These were placed in the bacteriological incubator and examined

macroscopically for the presence of the typical Bad. pullorum colonies

at the end of twenty-four, forty-eight and seventy-two hours. A tube

was not considered negative until it had been allowed to incubate for

1 Work referred to by Dr. Rettger in Bulletin No. 74, Storrs Agricultural Experiment Station

Storrs, Conn., p. 162, line 12.

2 Jones, F. S., " Further studies on bacillary white diarrhoea in young chickens." Report,

New York State Veterinary College, 1910-11, pp. 09-88.

3 Rettger, L. F., and Stoneburn, F. H., Bulletin No. 68, 1911, Storrs Agricultural Experi-

ment Station, " Bacillarj' white diarrhcEa of young chicks" (second report).
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seventy-two hours. In many cases when there was doubt concerning

organism, all materials were plated out and colony again streaked from

such plates.

In view of the fact that many inquiries had been received here at this

laboratory concerning the egg test for the determination of this organism,

it was decided worth while to test all eggs laid by these suspected hens,

and also to record what effect the retention of egg prior to testing, and
length of time egg material remained in the bacteriological incubator at

38° to 39° C, had in facilitating isolation of the organism.

In tables 1, 2 and 3 are exhibited the data obtained from the egg tests

tabulated to show when egg was laid, by which hen laid, and whether the

organism was isolated from the hen, a fact designated by a plus sign. It

also shows to how long a period of incubation the egg material in bouillon

was submitted before being streaked on the agar slants.

During the period of making the first egg tests all eggs were retained

at room temperature until tested, or they were tested on the same day,

soon after laying. Later, however, it was found advisable to retain at the

temperature of the bacteriological incubator, about 39° C, before insert-

ing in sterile bouillon, to afford perhaps a preliminary proliferation of

the organism.
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From Table 4, it can be seen that of the 619 eggs tested Bacterium

pullorw7i was detected in eggs laid by hen No. 10, once during July, egg

laid 7-30-13; by hen No. 18, once during July, egg laid 7-26-13; by hen

No. 6, three times during the month, eggs laid 7-16-13, 7-17-13 and
7-19-13; by hen No. 5, once during month, egg laid 7-30-13; by hen No.

2, twice during month, eggs laid 7-26-13 and 7-30-13; by hen No. 52,

twice during month, eggs laid 7-21-13 and 7-23-13; by hen No. 13, twice,

eggs laid 7-22-13 and 7-26-13; by hen No. 792, three times, eggs laid

7-23-13, 7-25-13 and 7-30-13; by hen No. 714, once during month, egg

laid 7-27-13. During August from hen No. 8 Bad. pulloruni was isolated

from one egg laid 8-18-13; by hen No. 1, once during month, egg laid

8-15-13; by hen No. 10, twice, eggs laid 8-12-13 and 8-15-13; by hen No.

2096, once during month, egg laid 8-12-13; by hen No. 5, twice, eggs laid

8-2-13 and 8-4-13; by hen No. 7, twice, eggs laid 8-4-13 and 8-13-13;

by hen No. 13, once, egg laid 8-25-13; by hen No. 792, once, egg laid 8-12-

13; by hen No. 714, once, egg laid 8-13-13. During September the or-

ganism was isolated from egg of hen No. 48, once, egg laid 9-6-13; by
hen No. 714, once, egg laid 9-21-13; by hen No. 464, twice, eggs laid

9-13-13 and 9-16-13.

Of the 16 cultures of Bacterium pullorum isolated from eggs in Jul}'' the

yolk material of 13 in sterile bouillon had been retained in bacteriological

incubator for more than seventy-two hours. Of the 12 isolated in August,

all yolk material in bouillon had been retained in bacteriological incubator

more than seventy-two hours. From the 4 isolated in September, the

egg material had been in incubator but forty-eight hours. After August 1

it was planned to put all eggs in bacteriological incubator prior to testing,

and this brought forth egg material which yielded cultures of Bacterium

pullorum which had not been detected in July, namely, the infection was
detected in hen No. 8, hen No. 1, hen No. 2096 and hen No. 7. By the

previous incubation of eggs, for one to three daj^s, the organism had mul-

tiplied to such an extent that it was possible to detect the organisms in

7 individuals in whom it had not been detected in Jul5^ From egg material

incubated in bacteriological incubator at 38° to 39° C. for seventy-two

hours or longer it was much easier to detect the organism. Usually it

was present in large numbers, and the organism on the agar-slant usually

became visible within the first twentj^-four hours' incubation. In general

it may be stated that egg testing of these hens' eggs yielded better results

after this preliminary incubation of the eggs in bacteriological incubator,

and it was found always advisable to wait seventj'^-two hours before con-

sidering a sample negative as regards colonies on subsequent agar streaks.

From what has been determined here, and from the work of Rettger and
Jones, it can be clearly seen that diagnosis by egg testing is impractical.

In some cases, however, the egg testing has given results with the exami-

nation of the first few eggs. According to the work in tliis laboratory, it

has been found that if a bird is badly infected persistence in egg testing

will usually yield a positive result. Of the 619 eggs tested from hens in
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this experiment during July, August and the first part of September 32

were found to contain the organism, detected in hens Nos. 10, 18, 6, 5, 2,

52, 13, 792, 8, 1, 2096, 7, 714, 267, 48 and 464. With hen No. 10, 11 eggs

were tested, covering a laying period of seventeen days, before the organ-

ism was detected. With hen No. IS, 8 eggs were tested, covering a laying

period of sixteen days prior to its detection. With hen No. 6, 5 eggs were

tested, covering a laying period of six days. With hen No. 5, 12 eggs

were tested, covering a laying period of twenty days. With the other 11

infected birds it varied from the 6th to the 21st egg laid before Bacterium

pullonini was detected for the first time, and the laying periods varied from

eight to sixty-one days (see Table 5 on page 10),

It is interesting to note at this point that all the hens, except 22, which

were received from the Marjdand Experiment Station, previously inocu-

lated intravenously with a pure culture of Bacterium pullorum, after two

years, showed positively the ovarian infection. This is in full agreement

with the work of Dr. Jones, — that it is possible to cause local infection

and cause such infection through the blood system.

As stated before, it has not been the primary object of these egg tests

to make an exhaustive study of the value of diagnosis of ovarian infection

by this method, but it has been of importance to determine bj'' it if possible

the number of these hens infected, to use as a check on the work on agglu-

tination which was to follow.

Therefore, according to these tests hens Nos. 10, 8, 6, 5, 2, 52, 13, 792,

714, 8, 1, 2096, 7, 48 and 464 are all infected hens, the organism having

been demonstrated conclusively in their eggs. It should also be stated

• that prior to starting experiments with these birds the organism had been

detected in hen No. 267. From our work just cited it can be seen that in

those hens which did lay eggs containing Bact. 'pullorum, the elimination

from the ovary was so irregular that it would be impossible to make a

diagnosis in a short time.

Since there was at hand such good material for study it was considered

of importance to study the macroscopic agglutination test, as suggested

by Jones ^' ^, — as regards the practicabiUty of the tests, the test fluids

and important steps to be observed in making the diagnosis, — and to

carry out the test with three laboratory technicians to determine the

value of this macroscopic test as a laboratory procedure for the diagnosis

of this infection in adult hens.

This test depends upon the specific agglutinin elaborated in the blood

serum of hens harboring the organism. The test requires a test fluid con-

taining a suspension of Bacterium pullorum in 0.85 per cent, salt solution,

preserved with 0.5 per cent, carbolic acid, and the specific agglutinin, di-

luted in varying amounts from suspected individuals. The agglutinins

act on dead as well as living organisms.

> Jones, F. S.: Report, New York State Veterinary College for 1910-11, p. 76.

- Jones, F. S.: "The value of the macroscopic pgsrlutination test in detecting fowls that are

harboring Bact. pullorum." Journal Medical Research, Vol. XXVII., No. 4; N. ti., Vol. XXII.,
No. 4, pp. 485-495.
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From some preliminary tests it was found that the Uving test fluids

gave little better results. For this reason it was decided to carry out our

work, using the living organisms in preparing the various test fluids.

The Test Fluid.

Before preparing any of our test fluids for these macroscopic agglutina-

tion reactions, all strains of Bacterium pullorum were thoroughly tested

out to establish their pathogenic powers. The Bacterium 'pullorum mate-

rial had been isolated from 7 different sources, and was designated Si

(Strain No. 1) S2, S3, S4, 85, Sg and S7, antt represented cultures of Bacterium

pullorum isolated by the author from chicks which had died of the disease

from an infected flock of hens in western Massachusetts; from another

chick, dead of the disease; from an infected flock of more than 400 hens

from eastern Massachusetts ; from a fresh egg laid by a hen in this infected

flock; from the ovarian tissue of a badly infected hen in the State of Mary-

land; from a chick which had died after experimental inoculation with a

pure culture isolated from ovarian tissue ; from a strain isolated from Con-

necticut epidemics and furnished to the author three years ago by Dr.

Rettger of Yale University. The last, or Strain No. 7, was recovered

from a local epidemic. These strains were all carefully examined for pur-

ity, and after due time were obtained in a very active state of growth.

Strain No. 4 was finally not used because it appeared to have lost so

much of its virulence.

For testing the virulence of these 6 strains of Bacterium 'pullorum 154

day-old chicks, hatched July 10, 1913, were used. They were divided

into 7 lots, 22 in each lot. Six of these sets were inoculated with Bad.

pullorum and the seventh was used for control. The chicks were fed

sterilized food and water and were retained in wire animal cages and

brooded with stone jugs containing hot water. The litter used was fine

shavings which had been sterilized and spread in a layer over floor of

cages prior to putting the chicks in. Each chick in the lots to be infected

received \ c.c. of a physiological saline suspension of the various strains

of Bacterium pullorum subcutaneously. The control lot received J c.c.

sterile physiological salt solution administered in the same manner.

Chicks in pen No. 1 were inoculated with Sr, chicks in pen No. 2, with S2;

chicks in pen No. 3, with S3; chicks in pen No. 4, with So; chicks in pen

No. 5, with Se; chicks in pen No. 6, with S7; and the chicks in pen No. 7

were the controls.

As soon as chicks died they were carefulty autopsied and the liver,

heart, unabsorbed yolk and calcar examined for presence of Bacterium

pullorum. In Table 6 are arranged the mortality records which fur-

nish the evidence of the pathogenicity of these various strains. From
each chick, dead of the disease, cultures were retained, and in Table

6 P. signifies that the cultures were recovered from the respective

organs in an absolutely pure state. Wherever there is a denotation N.P.

it signifies that culture recovered was not pure. However, in no case did
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the contaminating factor so outgrow or obscure the colony of Bacterium

pullonmi but that it was possible to recover it from some of the tubes.

At this point it is sufficient to say that the symptoms — pre-mortem and

post-mortem findings of chicks dead of the disease— correspond with

those previously studied by the author. ^

After twenty-five da5^s the tests were considered completed, and Strains

Nos. 1, 2, 3, 5, 6 and 7 were all in perfect condition to continue the work

with the agglutinations. Pen No. 7, the control lot, never showed any

signs of disease, and until a few weeks ago (Dec. 1, 1913) 20 of the 22

were living, healthy, vigorous bircfs. Only two deaths occurred among

the 22 control chicks; one was accidental and the other was killed on ac-

count of lameness.

Making THE Test Fluid.

Slant agar tubes were inoculated with Bact. pullorum and grown in

incubator at 38° C. for one or two days. The growth was then washed

with carbolated salt solution (0.85 per cent, salt solution containing 0.5 per

cent, carbolic acid). The whole volume of washed material should have a

very definite cloudy appearance. This was put in the shaking machine

and shaken for one-half hour and then passed through sterile absorbent

cotton to strain out any clumps of bacteria which might remain. Care

should always be observed not to prepare the suspension too thin. A
good test fluid should be uniformly turbid. This should be retained on

ice or in lower part of refrigerator.

Method of obtaining Blood Serum.

At first the method of cutting a spike of- the comb was employed, but

since the bird's blood coagulates so quickly if in contact with tissue this

was found unsatisfactory. Then the method of cutting the wing vein

was employed, and by working carefully with this method it was found

to be suitable in every respect for drawing blood in 2 to 10 c.c. quantities,

causing but little effect upon the bird. At first great care was used in cut-

ting through the cutaneous tissue until the vena ulnaris was reached, and

the tissue teased away to malce a clean cutting surface for making the

incision into the vein. By such treatment it was possible to get the blood

under quite ideal conditions, but the bird was submitted to considerable

discomfort. Finally it was found that the quicker the cut was made the

better the results, and less discomfort for the individual. The procedure

finally adopted for drawing about 6 c.c. of blood in a very short time, and

one which appeared to cause the individual no apparent discomfort, nor

disturb the egg laying later on, was carried out as follows: the bird was

laid on its side and the wing laid out near the edge of the table and turned

downward to afford a grade for the sample of blood to flow into test tube.

1 Gage, Geo. Edward: " Notes on ovarian infection with Bacterium pullorum (Rettger) in

the domestic fowL" Journal Medical Research, Vol. XXIV., No. 3; N. S. Vol. XIX., No. 3;

June, 1911, pp. 491-496.
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The finger of the operator was placed under the vena ulnaris, between the

uhial and radial bones near the distal ends, and pressed until the vein by

distention shows plainly. Then having sterilized the part, and using

sterile fine scissors, a cut was made through the cutaneous tissue into the

vein, making a short cut longitudinally. The blood will flow out in large

drops, and can be easily collected into a test tube, and by using a pledget

of cotton moistened with 1-40 carbolic acid the flow of blood can be quickly

stopped, and then bj^ placing a dry piece of cotton over the incision and

closing the wing down tightly, in a few minutes the individual may be

returned to the pen. Blood thus obtained is allowed to clot, and the serum

is later drawn off as a straw-colored supernatant fluid. This is then diluted

with carbolated salt solution to the usual stock dilution 1-20.

Making the Agglutination Test.

Small test tubes 4 inches long and ^-inch calibre were used. During

some of our preliminary tests 3 c.c. test fluid was used as suggested by

Jones, ^ but it was found after several sets had been tried out that 1.5 c.c.

of the test fluid gave equally good results. The dilutions used most were

1-100, 1-200 and 1-500, but in some of the work test dilutions from 1-100

to 1-5,000 were used and made as follows : all sera were diluted 1-20, and

then by a simple algebraic calculation the amount of diluted (1-20) serum

necessary to add to 1.5 c.c. test fluid to make a desired dilution was de-

termined. For example, 1.5 c.c. test fluid -f .3 c.c. (1-20 serum) =
dilution 1-100 desired. The following amounts of diluted 1-20 serum

were added to 1.5 c.c. test fluid to make required dilutions: —

1- 100= .3 c.c. diluted serum 1-20.

1- 200= . 15 c.c. diluted serum 1-20.

1- 300= .099 c.c. diluted serum 1-20.

1- 400= .075 c.c. diluted serum 1-20.

1- 500= .06 c.c. diluted serum 1-20.

1- 800= .037 c.c. diluted serum 1-20.

1-1,000= .03 c.c. diluted serum 1-20.

1-1,200= .025 c.c. diluted serum 1-20.

1-1,500= .019 c.c. diluted serum 1-20.

1-1,800= .016 c.c. diluted serum 1-20.

1-2,000= .015 c.c. diluted serum 1-20.

1-2,500= .012 c.c. diluted serum 1-20.

1-3,000= .009 c.c. diluted serum 1-20.

1-4,000= .007 c.c. diluted serum 1-20.

1-5,000= .006 c.c. diluted serum 1-20.

Three sets of graduated pipettes were used, the first, a 5 c.c. graduated

to To c.c. ; the second, graduated to tJt) c.c. The pipette graduated to tou

c.c. was used to make dilutions up to 1-500, and for dilutions 1-500 to

1-5,000 one divided into toVo of c.c. was employed. After having made

' Jones, F. S.: " The value of the macroscopic agglutination test in detecting fowls that are

harboring Bad. pullorum." Journal Medical Research, Vol. XXVII., No. 4; N. S., Vol. XXII.,

No. 4, pp. 485-495.
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the desired dilution and tlioroughly shaken each tube to afford a com-
plete mixture of the agglutinative sera and Bacterium pullorwn all was
placed in the bacteriological incubator at 38° and readmgs made of the

macroscopic agglutinative picture at the end of twenty-four, fortj^-eight

and seventy-two hours. All tests were controlled, i.e., test fluid and
agglu . ..lative sera.

A positive macroscopic agglutination reaction is evident when the

formation of fine, flake-like masses settle to the bottom of the tube into

uneven heaped-up masses at the bottom and sides, leaving the super-

natant fluid clear. This reaction is usually very prompt, and with sera

of marked potency it is verj' clear and definitely defined. Controls should

always be kept for check of test fluid, and check of diluted serum in car-

bolated salt solution.

The test fluid used for our work at first was composed of the 6 tested

strains of Bacterium pidlorum preserved by 0.5 per cent, carbolic acid

and kept on ice. The serum was used continuously until no positive re-

actions would result in a serum known to be positive, and from this it was

possible to determine about how long a serum could be retained under

proper conditions and be in an active state for use in making the test.

In tables 7 and 8 which follow can be seen the results of the

macroscopic tests on the birds carried out by three different technicians

working independently. The technician is denoted in the column of that

legend as 1, 2 and 3. It is indeed interesting to note that the work of

the three technicians checks very well, and from the summary of the work

of each no difference ever arose as to whether a bird was or was not a

reactor. Hens Nos. 267, 8, 1, 10, 6, 2096, 10, 18, 6, 2, 48, 7, 13, 53, 792,

714, 464 and 61 were all proven by all three technicians to be infected hens,

having the agglutinin present, varying in its powers to cause agglutina-

tion of Bacterium pvUorum. From tables 7 and 8 it can be seen that

with the results in the agglutination work, especially the tests made with

the blood drawn on July 19, and with the serum of hens Nos. 267, 2, 10,

2096, 5, 2, 48, 52, 53, 452, 792, 714 and 464, the serum reactions were

consistent with the three technicians until the seventeenth or eighteenth

days, when the reactions began to vary considerably. This is indeed

an interesting feature in favor of the test, and it is possible, under better

conditions of preservation, that it may be kept longer. After the hun-

dreds of tests made in this laboratory it would be safe to state that prop-

erh' preserved and cooled agglutinative sera may be retained in a good

state for subsequent tests for as long as two weeks. On the other hand, a

carefully prepared test fluid, made from newly incubated cultures of Bad.

-puUorum, and suspended in 0.85 per cent, physiological saline solution

containing 0.5 per cent, phenol, if retained on ice will remain in good

condition for making the tests even after two months.

In some instances a serum retained for three weeks, when used by one

technician on the 6th of August reacted, and had lost its agglutmative

powers on the 7th when used l:)y another technician. At the beginning
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of this work, the semm was divided into three portions, to serve the

technicians for independent work. The period of making tests for one

technician often required more time to which the serum was submitted

to hxboratorj^ temperature than that of another, and this in a way perhaps

exphiins the keeping quahty of one portion over another. However,

one can see from the tests made that comparativelj' recently drawn sera

carefullj^ retained on ice yielded the best results.

Hens Nos. 315, 49, 60, 22, 77, 4, 35, 618, 46 and 34 never gave a positive

reaction during this work, and the work of all three technicians checks

in this respect. The serum of Nos. 2096, 52 and 464 gave varying reactions

after long retention of serum, but no trouble was experienced by any of the

workers in concluding that these birds either were harboring or had har-

bored Bacterium pidlorum.

It ma}'' be stated here that under the conditions of the tests, if the test

fluid is prepared uniformly, the test carefully carried out, the macroscopic

agglutination test for detecting the virus of Bacterium pullorum has proven

a good laboratorj^ method as handled by three laboratory technicians

in this laboratory during the past summer.

The Influence of Test Fluids of Varying Composition (Mono-

valent AND Polyvalent Test Fluids).

For these tests an experiment was planned in which the serum was used,

drawn on the 19th of July. The test fluid was composed of equal quanti-

ties of the different strains of Bacterium pullorum used throughout this

work. In the first experiment or test a test fluid containing Si was used;

in the second, a test fluid containing So; in a third, a test fluid containing

equal quantities Si and So; in a fourth, a test fluid containing equal quan-

tities Si, S2 and S3; in a fifth, a test fluid containing equal quantities Si,

So and S7; in a sixth, a test fluid containing Si, So, S3 and S5; in a seventh,

a test fluid containing Si, S2, S3, S5 and Se; and in an eighth, a test fluid

containing Si, S2, S3, S5, Sg and S7. Various dilutions of the serum were

used, the dilutions being made as before. In most cases readings were

made after twenty-four, forty-eight and seventy-two hours' incubation.

An analysis of Table 9 shows that the serum from all hens which had

previously agglutinated gave consistent positive results in all the sera.

Sera from hens Nos. 2096, 452, 792 and 5 appeared to give better results

with a test fluid containing several strains of the organism. Although

some of the positive reactors showed good reactions with a monovalent

test fluid, yet from the data at hand it may be stated as justified that a

test fluid containing several different strains is best suited, under most

conditions, in laboratory routine for making the test. Here it should be

noted that none of the birds previously tested and found negative re-

acted when their serum was mixed with the test fluids of the various

compositions.

The birds Nos. 58, 59, 62 and 63 were cocks. Of these, 59, 62 and 63

gave questionable reactions, and 58 gave a very weak or slight reaction
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of a positive nature. Tliis is interesting, and it will require further study

with this blood and work in connection with the autopsies of such birds

to determine if the testicles of such individuals harbor the organism.

The reactions with these birds were always very slight and questionable,

and hardly comparable with the clearcut reactions exhibited when the

blood serum from infected hens was used.

Comparison of Results of Macroscopic Agglutixatiox Tests with
Egg Analysis.

From the egg record table it can be seen that Bacterium pidlorum was

i.solated 32 times from 619 eggs, and the individuals harbormg such or-

ganisms, determined by eggs laid in July, were hen No. 10 on the 30th;

hen No. 18 on the 26th; hen No. 6 on the 16th, 17th and 19th; hen No. 5

on the 30th; hen No. 2 on the 26th and 30th; hen No. 52 on the 21st and

23d; hen No. 13 on the 22d and 26th; hen No. 792 on the 23d, 25th and .30th;

hen No. 714 on the 27th; and in August, besides these hens, hen No. 8

laid an egg containing Bacterium pullorum on the 18th; hen No. 1 on the

15th; hen No. 2096 on the 12th; hen No. 7 on the 4th and 13th; and in

September, hen No. 48 on the 6th; hen No. 464 on the 13th and the 16th.

Hen No. 452 died before an egg was laid which contained the organism,

but at autopsy, when ova from this individual were crushed and inoculated

into sterile bouillon and put in incubator at 38° C, the organism was de-

tected later on the agar streaks. Hen No. 267 had previously been found

to be infected by an egg test. Serum from all these hens caused agglu-

tination of Bacterium pullorum test fluids, the results of three technicians

being in agreement. The organism was not isolated from the ovarian tis-

sue of hen Nos. 53 or 61, although both these hen's blood serum caused

very active agglutination. This may suggest that the active infection

had passed, and the agglutination test showed the results of the past

active infection. On the other hand, hens Nos. 315, 49, 60, 22, 77, 4, 35,

618, 312, 46 and 34 never exhibited the organism in their eggs, nor did

blood serum from these individuals cause agglutination of Bact. pullorum.

Post-mortem Findings of Some Reactors and Non-reactors.

After Oct. 1, 1913, hens Nos. 10, 5, 52, 1, 792, 464, 6 and 13, as reactors,

were killed and the ovaries examined for the presence of Bacterium pul-

lorum. All the reactors were not killed because it was desired to make
further studies with the agglutinins. At the present time hens containing

active agglutinative sera are retained at the laboratory under constant

observation. Hen No. 10 at autopsy revealed a pathological ovary con-

taining several retention cysts. Bacterium pullorum was isolated from this

material by direct inoculation. Hen No. 52 at autopsy showed an ovary

with retention cysts, and from material crushed in sterile bouillon B.

pullorum was detected on all tubes streaked from such material. Then
hens Nos. 1, 5, 6, 792, 464 and 13 were autopsied. All ovaries from these
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hens were cystic, exhibiting cysts of varying sizes, and the color was

from normal yellow to grayish green. Hen No. 5 showed the least jxitho-

logical condition of the ovaries. Many ova here were quite normal, and

exhibited the usual high-colored picture so characteristic of a healthy

ovary. Material from hens Nos. 1, 5, 6, 792, 464, 13 and 452 (previously

examined) yielded cultures of Bacterium pullorum. Hens Nos. 34, 315,

49, 312, GO, 22, 77, 4, 35, 618 and 46, whose sera had never agglutinated, and

in whose eggs Bacterium pullorum had not been found, were autopsied.

All ova were normal except that of 77, which showed grossly congestion.

More than 100 agar tubes were streaked from these ovaries and from

materials crushed in sterile bouillon and incubated, and all gave nega-

tive results for B. pullorum. Hen No. 53, a positive reactor, and hen No.

46, a non-reactor, were killed accidentally, so data on ovaries from these

hens were not obtained. The pathological findings of the birds that ag-

glutinated correspond well with those previously described, and especially

with previous observations by the author in 1910,^ and also substantiate

the work of Jones. ^ All ovaries from these birds exhibited one or more

retention cysts and several irregular lobulated cysts, and the color varied

from shades of yellow to green.

Specificity of Bacterium Pullorum Agglutinin.

The first recognition of the agglutination reaction as a separate function

of immune sera was by Gruber and Durham.^ From the first these in-

vestigators had claimed specificity for the agglutination reaction, and

for this reason it was utilized by Widal for the diagnosis of typhoid fever.

Even by early workers it was observed that serum of animals immunized

against one micro-organism would often agglutinate to a much less marked

degree other closely related species. The serum of a typhoid-immune

animal maj^ agglutinate the typhoid bacillus in dilutions of 1-1,000 and

higher, and B. coli in dilutions as high as 1-200. The normal agglutinative

power of B. coli does not exceed 1-20. Therefore the specificity of the

reaction for practical purposes is not destroyed if the proper dilutions

are carried out, the degree or amount of agglutinin formation being always

far higher for the specific organism causing the formation of the aggluti-

nin than for closely related species.

After carrying out 300 tests with normal sera from birds known to have

no infection, we feel justified in stating that in some instances we were

able to obtain slight agglutinative reactions in dilutions of 1-25, but in

no instance was there ever exhibited the slightest sign of the agglutination

of Bacterium pullortnn when dilutions 1-100 of normal serum from non-

1 Gage, Geo. Edward: " Notes on ovarian infection with Bacterium pullorum (Rettger) in

the domestic fowl." Journal Medical Research, Vol. XXIV., No. 3; N. S., Vol. XIX., No. 3;

June, 1911, pp. 491-496.

2 Jones, F. S.: " The value of the macroscopic agglutination test in detecting fowls that are

harboring Bad. pullorum." Journal Medical Research, Vol. XXVII., No. 4; N. S., Vol. XXII.,
No. 4, pp. 485-495.

' Gruber and Durham: Miinch med. Woch, 1906.
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infected individuals were used. For this reason, in the work carried out

here, the lowest diagnostic dilution was 1-100. If reaction resulted with

Buderium pullorum in this dilution it was considered positive, and the in-

dividual rated as a reactor.

Since Bacterium pullonan has been placed in the B. coli-tyyhi-dysenteroe

group of bacteria it was considered of interest to determine if Bacterium

pullorum agglutinative sera were specific for Bacterium pullorum. For

these tests the best known members of the B. coli-typhi group of bacteria

were used. The sera from two hens harboring the organism was drawn

and diluted with carbolated salt solution 1-20. Test fluids of uniform

turl:)idity were prepared, as previously for Bacterium pullorum, of the fol-

lowing organisms: B. coli covimunis, B. coli communior, B. icteroides,

B. enteritidis, B. paratyphi A., B. paratijphi B., B. typhi abdominalis, B.

Fold cholera, B. cloacce, B. lactis ocrogenes, and lastly a test fluid of Bacte-

rium pullorum. Complete sets of test tubes were made for each, and

to each was added the amount of Bacterium pullorum agglutinative sera

to give the required dilution. The dilutions in all sets were from 1-100 to

1-5,000, the principal dilutions between these ranges were in the following

order: 1-100, 1-200, 1-300, 1-400, 1-500, 1-800, 1-1,000, 1-1,200, 1-1,500,

1-1,800, 1-2,000, 1-2,500, 1-3,000, 1-4,000 and 1-5,000.

By observation of Table 10 it can be seen that the Bacterium pullonim

agglutinative sera caused agglutination only when put in contact with

Bacterixim pidlortim. Not the slightest agglutination occurred in any

of the tubes containing test fluid other than Bacterium pullor^nn. From
this data it would seem that the Bacterium pullorum agglutinin is highly

specific, and therefore is of great diagnostic value in all work in which

the organism must be determined.

Agglutinins obtained by the Immunization of Rabbits against

Bacterium Pullorum.

Rabbits are easily infected with Bacterium ptdhrum, or at least show

a marked reaction when injected with pure cultures of this organism; but

by a careful procedure of immunization they yield very active agglutinins

and also bacteriolytic sera. From 100 tests made in this laboratory it

has been found that these agglutinins elaborated in this way are much

more stable than those from individuals harboring the organism. Rabbits

retained in this laboratory at the present time furnish sera which were

active in dilutions up to 1-5,000. Agglutinins in such sera have aided

greatly in the diagnosis or differentiation of cultures of Bacterium pxdlonim.

Summary.

From the work carried out at this lalioratory during the summer of 1913,

the following conclusions appear to be justifiable: —
1. Although the egg test for the determination of Bacterium pullorum

may yield positive results showing ovarian infection, the elimination is
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T.\BLE 10.
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irregular and very often covers a long period of time before the organism

is detected; therefore it is impractical for rapid diagnosis.

2. Preliminary incubation of the eggs in a bacteriological incubator

at 38° to 39° C. prior to testing aids in the determination of the organism.

3. The macroscopic agglutination test as carried out in this laboratory,

has proven a good laboratory method for the detection of adult hens har-

boring, or which have harbored, Bacterium pnllorum.

4. Our work substantiates that of Jones, in that it is possible to cause a

local infection of the ovarian tissue by intravenous injections of pure

cultures of Bacterium pullorum.

5. The agglutinin is very stable, withstanding temperatures of 60° C.

and over for one-half hour. If properly preserved, it will yield results

after two weeks. Agglutinins have been found from infected hens which

reacted positively in dilutions from 1-100 to 1-5,000.

6. Polyvalent test fluids yield more uniform results than monovalent

fluids, although in birds of marked infection monovalent test fluids gave

very good results. Test fluids if properly preserved on ice will keep in a

verj' active state for more than two months.

7. Rabbits react to injections with pure cultures of Bacterium pullorum,

but by careful immunization yield very active agglutinins and also bacte-

riolytic sera. Agglutinins produced by immunizing rabbits are much more

stable than those from hens harboring the organism.

8. A striking pathological condition found in the ovaries of all birds

was the exhibition of lobulated and retention cysts which varied greatly

in size. From these, it was usually easy to isolate B. pullorum.

Acknowledgment. — Thanks are due my sister, Ethel G. Gage, for

careful work in connection with calculation and rearrangement of the

scientific data from our card-indexing system.



A STUDY OF VARIATION IN APPLES.

J. K. SHAW.

Beginning with the crop of 1908 the apples borne by certain Ben Davis

and Baldwin apple trees growing in the college orchard have been measured,

both their transverse and longitudinal diameters being taken, and this has

been continued up to and including the crop of 1913. This period in-

chides six successive seasons in each of which the Ben Davis trees have

borne at least a moderate crop, but the Baldwins have shown some irregu-

larities in bearing. Tliis method has given opportunity for the study of

the number of apples borne, the size of the apples and the index of form.

Inasmuch as the fruit of each tree has been divided into four lots by bi-

secting the tree with one plane perpendicular and extending east and west,

and with another, horizontal, and about midway of the head of the tree,

we have further the opportunity of comparing these factors for what we
have called the upper south, lower south, upper north and lower north

portions of the trees. Two partial reports of the observations on these

trees have been made. For a statement of the method used the reader

may be referred to these earher reports. ^ The present paper reports

results to date, and is probably final for this phase of the problem.

The Pkoductiveness of the Trees.

We are not aware of any pubhshed data giving the number of apples

borne by individual trees for a number of consecutive years. Several have

reported the measured quantities produced over a considerable period,

and these records have shown marked differences in yield of individual

trees. Macoun gives the total yield for several varieties. These figures

are taken from his report.

^

Variety.

Wealthy,

McMahon,

Mcintosh,

Patten,

Age of
Trees

(Years).

Years of

Bearing.

Number
of

Trees.

Yields (Gallons).

Lowest. Highest. Average

57.0

226.0

367.5

291.5

203.0

SS9.0

761.0

597.5

113.5

604.4

564.0

406.1

1 Repts. Mass. Expt. Station: 22, Pt. I. (1910), p. 194; 23, Pt. I. (1911), p. 177.

2 Rept. Central Expt. Farm., 1910-11, p. 118.



22 MASS. EXPERIMENT STATION BULLETIN 149.

The trees on which our observations have been made are eighteen years

old, and all are in a healthy, thrifty condition. All have been given the

usual orchard care as to pruning and spraying; all were cared for under

the cultivation and cover-crop system until August, 1911, when the

Baldwin plot was seeded to grass and clover. The trees are similar in

size and vigor, though there is some correlation between size and produc-

tiveness in the Ben Davis. Tree No. 8 which has produced the most

apples is somewhat larger than any of the other trees. The yields of the

trees for the period under observation are as follows:—
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No. 2 has borne the largest apples and tree No. 4 the smallest, with tree

No. 5 intermediate each 3'ear. The apples on tree No. 4 were much
smaller in 1913 than ever before, due possibly to the previous seeding down

to grass and clover.

It seems fair to conclude that individual trees may show a fairly constant

tendency from j'ear to year to produce apples larger or smaller than the

general average of the orchard.

The extreme difference in average size between the individual trees

amounts to a trifle less than 3 milUmeters, while between the different

parts of the trees it is 2.38 millimeters; but from year to year the dif-

ferences are more consistent. The apples from the upper south part of the

trees have been the largest every year. Those from the upper north part

have been second every year except 1911, while the lower north apples

have been smallest in four years out of six. This would seem to warrant

the conclusion that for the variety the better the exposure of the trees

to the sun the larger the growi;h that may be secured.

The figures for the Baldwins are too fragmentary to be of much value,

but so far as they go, while not quite as consistent as those of the Ben

Davis, they show the same general tendency. In 1909 the different parts

were in the same order as the average of the Ben Davis, while in 1912

the upper north led, followed by the upper south, lower north and lower

south.

Considering the average size of the total apples from the Ben Davis

trees in the several years we note that they were largest in 1910 and

smallest in 1911, the difference between the extremes being 4.04 milli-

meters. The small size in 191 1 is undoubtedly due to the heavy crop borne,

but it is significant that this is the only year in which the trees have

borne enough to affect the size. There is no relation between size of apples

and the number borne until the crop reaches what may be fairly termed

a full crop. Probably there is more danger of breaking down the tree

than of any serious deficiency in size, provided the trees are well cared

for. In 1909 the apples average 90 millimeters in diameter, nearly as

small as in 1911. The probable explanation of this is the low temperature

prevaihng, the March-October mean being the lowest of any of the six

years under consideration. There are some further indications of a rela-

tionship between the warmth of the season and the size of the apples,

but all the fluctuations in size cannot be thus accounted for. We have

been unable to trace any relationship whatever between precipitation

and size. One possible influence of fertilization is in the case of the crop

of 1910, the large size of which may be due to a previous appUcation of

lime.

While there is evidence that there has been some relation between mean

summer temperature and size it does not appear that the slight variations

that have occurred have exercised a controlling influence on the size of

the apples. In earher work along this line a greater effect of temperature

was observed, but mostly from stations further north, where seasonal

fluctuations of temperature are greater.
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A study of the variability in size of the apples from the different trees

shows small differences that apparently have some meaning. Those

from tree No, 7 are quite consistently the most variable of any, and

these have been the largest; there seems to be a possible relationship be-

tween size and variability, — the larger the apples the more variable.

As between the apples from different parts of the tree, this relationship

does not hold. The apples from the upper south parts of the trees are

largest and least variable, and probably the slight differences in variabiUty

that occur are simply chance fluctuations.

Table 1.

—

-Size of Apples.

Ben Davis.

Individual Trees.

Tree No. 2.

[Millimeters.]

Year.
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Table 1. — Size of Apples-

Tree No. 7.

[Millimeters]

Continued.

Year.
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Table 1.— Size of Apples-

Upper North.

[Millimeters.]

Continued.

Year.
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Table 1. — Size of Apples

Tree No. 4-

[Millimeters.]

Concluded.

Year. Mean. Standard
Deviation.

Coefficient
of

Variability.

1909,

1910,

1911,

1913,

74.39±.14

76.90±.27

71.7S±.08

66.91±.20

5.01=t.l0

5.57±.19

4.58±.06

6.52±.15

6.7.T=t.i5

7.24±.30

6.38±.06

9.74±.22
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Form.

The main purpose of this work has been the study of the variation

in form of the apples and the causes thereof. The continuation of our

observation has resulted in the accumulation of data that confirm earher

conclusions ' and afford basis for some further deductions concerning the

problem.

Ben Davis tree No. 7 which has borne the largest apples has also borne

the most flattened of any, while the most elongated have been from

tree No. 8 closely followed by tree No. 2. The mean indexes of form

from year to year have also been fairly consistent, No. 7 ranking first

four times, second once and fourth once during the six years. The other

trees have been more variable, but trees Nos. 2 and 8 have shown a tend-

ency toward elongation. As with size the differences in form are more

constant in the different parts of the trees than with the different trees.

The upper south apples have been the most flattened every year, but those

of trees Nos. 1 and 3 from the lower north portions have been the most

elongated four years out of six. The other two portions of the trees have

been more variable, but the lower souths have been sUghtly the more

flattened. As regards the standard deviation and the coefficient of varia-

bihty, they do not seem to have any significance whatever; such small

differences as occur are probably wholly chance fluctuations.

Turning now to the discussion of the difference in form from year to

year and its relation to air temperature, which has been the main object

of inquiry, we find that the paralellism between the variation and the

temperature for a period following blossoming previously observed has

been maintained in succeeding years. This relationship is shown in Fig. 1,

which shows the fluctuations in mean daily temperature for twenty-five

days following full bloom. This shows that a low temperature foUowing

blossoming is always foUowed by a low coefficient of form, i.e., relatively

elongated apple. The past season of 1913 has been the coolest of any

for nearly the whole period of twenty-five days, and the apples have

been the most elongated, while in 1908, 1911 and 1912, in which this

period was relatively warm, the coefficient of form is much larger, i.e.,

the apples are more flattened. In the other years both the temperatures

and coefficients of form have been intermediate.

The curves of temperature, not only for the period shown in the diagram

but for the entire growing season as well, have been carefully scrutinized to

ascertain the critical period which determines the form of the apple.

Consideration has also been given to other factors of climate, such as rain-

fall, humidity and sunshine,— whether they may have an effect. As a

result of this inquiry there appears no evidence that factors other than

that of temperature for a part or all of the twenty-five-day period have

any influence. Within this period the temperature from the sixth to

1 Mass. Expt. Station Rept.: 23, Ft. I. {1911}, p. 199.
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sixteenth day seems to fit the observed fluctuations in form better than

that for any other period. The relationship of the temperature for this

period and the coefficient of form are as follows, the arrangement being

in the order of the increase of temperature :
—

Year. Date of Full Bloom.

Temperature,
Sixth

to Sixteenth
Day.

Coefficient
of Form.

1913,

1910,

1909,

1912,

1908,

1911,

May 7,

May 7,

May 19,

May 11,

May 19,

May 15,

51.24

54.44

58.19

62.10

67.63

67.76

1.1192

1.1238

1.1338

1 1536

1.1515

1.1579

An inspection of these figures shows the general relationship, but there

are some irregularities, especially in 1912 and 1908. In the latter year

this period was slightly over 5° warmer than in 1912, yet the apples were

more elongated. Tree No. 8 was not measured in 1908, but its apples

have only once been more flattened than the average and then only

shghtly so. The difference between extremes of temperature for this

period is 16.52° (67.76°-51.24°), and in the coefficient of form, .0387

(1.1579-1.1192). This gives an average difference of .0022 for each

degree of temperature. If we calculate the relationship of the increase

of the coefficient of form with that of temperature from year to year we
get the following :

—
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Table 2.— Form of Apples.

Ben Davis.

IxDiviDUAL Trees.

Tree No. 2.

(Millimeters.)

Year.
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Table 2.— Form of Apples

Tree No. 8.

[Millimeters.]

Continued.

Year. Mean.
Standard
Deviation.

Coefficient
of

Variability.

1909,

1910,

1911,

1912,

1913.

Average,

1.1310±.0013

1.1211=t.0007

1.1558±.0006

1.1540=t.0013

1.1099*.0006

1.1342

.0494±.0010

.0481 ±.0005

.0455±.0005

.0491 ±.0009

.0473 ±.0008

4.37±.09

4.29±.05

3.93±.04

4.14±.0S

3.94±.07

Parts of Trees.

Upper South.

1908,
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Table 2.— Form of Apples— Continued.

Lower North.

[Millimeters.]

Year. Mean. Standard
Deviation.

Coefficient
of

Variability.

1908.

1909,

1910.

1911.

1912.

1913.

Average,

1.1406±.0016

1.1338±.0021

1.1171=*=. 0012

1.1511*. 0006

1.1537±.0018

1.1065 ±.0009

1.1338

.0644*. 0011

.0529*. 0015

.0505±.0008

.0454±.0004

.0505±.0012

.0529*. 0007

.0528

4.58*. 07

4. 67*. 14

4. 52*. 08

3. 95*. 04

4. 37*. 11

4. 78*. 06
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Table 2. Form of Apples-

Tree No. 5.

[Millimeters.!

Concluded

.

Year. Mean. Standard
Deviation.

Coefficient
of

Variability.

1909,

1910,

1911,

1912,

1.1790±.0024

1.1S7S±.0018

1.2307±.0027

1.2248±.0011

.0644±.0017

.0622 ±.00 13

.0637±.0019

.0485 ±.0008

5.46±.16

5.23=fc.l2

5.1S=t.l6

3. 96=1=. 07
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9. As with size, some trees showed quite constant individuality in form

of fruit, while others were variable. There seems to be no strong evidence

that individuality in size and form are to be found in the same tree,

10. The apples from the upper south parts of the trees, which were

largest, were also constantly the most flattened.

11. There is a pretty constant relationship between the form of the

apple and the temperature for a period following bloom; the cooler this

period the more elongated the apple.

12. An effort to delimit this period more closely indicates that the

period from the sixth to the sixteenth days following full bloom fits the

observed fluctuation in form more closely than any other.



REPORTS ON EXPERIMENTAL WORK IN

CONNECTION WITH CRANBERRIES.

H. J. FRANKLIN AND F. W. MORSE.

REPORT OF CRANBERRY SUBSTATION FOR 1913. ^

The year's experiments and observations may be discussed under the

ten following heads: weather observations, frost protection, fungous dis-

eases, varieties, blossom pollination, fertiUzers, insects, weeds, resanding

and miscellaneous.

1. WEATHER OBSERVATIONS.

Blanks have been prepared for recording on a single sheet all the more

important phenomena observed in connection with every frosty night

during the cranberry growing season. On these blanks space has been

left for recording the minimum temperatures at 15 stations (bogs) besides

that at the station bog. It is also planned to note in this record the amovmt
of injury (estimated) on the Cape and in New Jersey caused by each

severe frost. It is hoped that the mass of data condensed in such records

will make it possible to better understand the Cape frost weather con-

ditions and to make more satisfactory frost predictions as a result. Only

a few of the temperature observing stations planned for have, as yet,

been established, but it is hoped that another season will see all the

thermometers properly placed for taking a fairly representative lot of

minimum temperature observations for the entire Cape. The barometric

changes and their influence on frost conditions, both as indicated by the

weather map and as shown by the action of the barometer itself, have

been carefuUy studied, with some interesting results. The high barometric

waves appear, as a rule, to be most dangerous when they extend both

far to the North and far to the South, without any low wave on the At-

lantic seaboard to the south of us. One of the great uncertainties about

the barometric action, as far as the weather map is concerned, seems

to be caused by the occasional more rapid deepening of a low wave in or

around the lower St. Lawrence vallej^ than is offset by the advance of the

high wave, the general result being a fall of the barometer in an important

1 By H. J. Franklin.
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section where a rise would, as a rule, be expected . This fall of the barometer

in the northeast often causes the wind to keep up all night when other

conditions would lead a forecaster to expect almost a dead calm. There

seems to be no way of figuring on this action of the barometric waves,

except by more extensive observations of conditions in the eastern

Provinces of Canada than are at present carried out by the Weather

Bureau. The officials of the Weather Bureau are planning to take special

afternoon barometric observations in that section, in order to forecast

our frost conditions more accurately.

Another puzzUng factor is the occasional occurrence of cloudiness on

mornings when, from the general weather conditions, no cloudiness

would naturally be expected. It seems quite possible that we may not be

able to fully understand the causes of such cloudiness without a study

of the conditions of the upper atmosphere. This is of course a very im-

portant matter, for the presence of clouds always makes a difference

of several degrees in the temperature of a cold night,

The readings of the maximum and minimum shelter and bog thermome-

ters, and the amounts of precipitation, were telegraphed to the office of the

United States Weather Bureau at Boston, every morning after May 4,

during the spring and fall periods of frost danger. Triple register (for

sunshine, wind direction and wind velocity), thermograph, and barograph

records were taken in the usual way throughout the season, from early

May until the last of October. As the hydrograph did not work satis-

factorily no records were made with that instrument.

There seems to have been this year a general increase in confidence,

on the part of the growers, in the forecasts sent out from the Boston

office of the Weather Bureau. This increased confidence is probably fully

justified, for the forecasts seem to have been much more accurate dur-

ing the past season than formerly.

2. FROST PROTECTION.

Careful considei'ation has been given to the different possible methods

of frost protection where water is not available for use in the usual way.

It was suggested in last year's report that it might be possible to use

the Skinner system, or some other sprinkling arrangement, with an engine

and pump only large enough to pump water for one section at a time, the

idea being to draw the frost out of the vines by one or two applications

of cold water in the morning, before they were thawed out by the heat of

the sun. The practicability of this method was tried out on a small

scale last May with a spraying outfit, and the results seemed to be far

from satisfactory, for the sprayed areas afterward appeared to show

distinctly more injury than did the surrounding unsprayed portions of

the bog. As the whole matter now stands, therefore, it does not seem

at all probable that the Skumer system can very well ever be made practical

use of for frost protection. Its undesirability from the standpoints of ex-

pense and nozzle clogging were discussed in last year's report. All other
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sprinkling systems at present on the market are even more expensive,

and will probably, on this accomit, never be practically available for this

purpose.

As indicated in last year's report, the expense connected with the use

of orchard heaters is prohibitive, to say nothing of the danger from fire,

and of the injury to the vines which would unavoidably be done by the

spilling of oil.

There are many other possible methods of frost protection for cranberry

bogs which have not yet been tried. It may be possible to cause the frost

to be drawn out slowly from the vines after a frost by screening the bog

from the sun during the first two or three hours of the morning, perhaps by

a curtain of smoke. This method is suggested by the well-knowia fact

that the greater part of the injury, caused by freezing in both plant and

animal tissues, is usually due more to the sudden withdrawal of the frost

in the process of thawing than to the formation of the frost in them.

The possibility of protecting a bog from frost by covering it over with

cloth is of course generally recognized. Though this would be an ex-

pensive protection, it has the probable advantage of being entirely effective.

It is, however, probably unwise to attempt any special frost protection

on dry bogs because of the peculiar conditions and difficulties otherwise

associated with such bogs. The only kind of bogs, the general conditions

of which probably warrant special protection, are those which are winter-

flowed but cannot be reflowed to any extent.

As a rule, the managers and owners of most of the Cape bogs, which

have poor frost protection, seem to have overlooked the method of pro-

tection, which, though not perfect, is, nevertheless, many times very

effective, and which can be apphed with a relatively small cost, namely,

that of keeping the bog well sanded. It has been shown by the experiments

carried out by Prof. H. J. Cox for the United States Weather Bureau and

by the Wisconsin Station that there is a protection against several degrees

of frost to be had by this use of sand. Many of the Cape growers have

come to realize this from general experience, and striking examples of the

efficiency of this protection are not infrequently seen. It seems certain

that a very considerable percentage of the Cape cranberry losses from

frost, incurred where water protection is not available, could be saved

by a more general understanding and application of this principle of re-

sanding for protection.

3. FUNGOUS DISEASES.

The arrangement by which this work has heretofore been carried on in

co-operation with the Bureau of Plant Industry of the United States

Department of Agriculture has been continued this year. Dr. Shear has

had general supervision of the spraying experiments as heretofore and

has conducted the laboratory investigations. A considerable number of

spraying tests were carried on by the growers, especially in Wareham
and in and about Hamdch, the results of some of which have not as yet
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been received. The five plots, each four rods square, which were sprayed

in 1911 and 1912 as indicated in previous reports, were all sprayed again

this season with Bordeaux mixture used in the same way as last year

(3 pounds of lime, 4 pounds of copper sulphate and 2 pounds of resin

fish oil soap to 50 gallons of water), but a greater number of times, plots

A and C (Lake Howe plots) being sprayed with the Bordeaux on June 5,

June 17, June 28 and July 19, and with neutral copper acetate (1 pound

to 50 gallons of water) on August 7. Plot B (the McFarhn plot) was

sprayed with Bordeaux mixture on June 6, June 18 and July 21. Plots

D and E (the Early Black plots) were sprayed "svith Bordeaux mixture

on June 6, June 18, July 11 and July 22. The crop was gathered from

these plots and their checks on dates and in amounts as follows, the

quantities being given in bushels :
—

Table 1.

Plot.
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no case taken onto either the sprayed areas or their checks. The general

result of this spraying is interesting in the light of the observations made
in connection with the Early Black and McFarhn plots in the late fall of

1912. At that time it was noticed that these plots seemed to have foliage

of a much lighter and more sickly appearance than was shown bj'^ the

vines of their checks. As noted in last year's report, this contrast was
very marked and led to the suspicion that, on account of the evidently

unthrifty condition of the sprayed areas, they would not, in the season

of 1913, produce as good a crop as their checks. The situation suggests

that there was not sufficient available plant food present for the sprayed

vines, while they were producing the 1912 crop, to maintain a strong

vine condition and at the same time develop the extra amount of fruit

which the reduction of fungous diseases, caused by the spraying, had made
possible. Whether this was the real cause for the decreased fruiting of

these plots, or whether the spr.aying had done the bog injury in some un-

known way, it is, as yet, impossible to state with certainty. It should be

noted in this connection that in the fall of 1913 the \'ines of all these plots

showed an even more marked untlirifty and sickly appearance in com-

parison with their checks than they did in the fall of 1912, though they

had not, as shown in the table, produced nearly as large crops as the

checks. The Howe plots (A and C), which did not show in 1912 any
marked effect on the vines, in the fall of 1913 were so red all over (except

the fertilized middle portion of plot A) as to give the impression, to one

viewing the bog from a distance, that the fireworm had been working

severely on them. This would seem to indicate that the spraying had in

some way caused a cumulative injury.

On June 28, the middle half of plot A (one of the Howe plots) was fer-

tiUzed, a quarter of the plot on each side being left -nithout fertilizer, the

fertilizer being used on the middle portion at the following rate: nitrate

of soda, 200 pounds per acre; acid phosphate, 400 pounds per acre; high-

grade sulphate of potash, 200 pounds per acre. This fertilized middle half

(8 square rods) of the plot produced 5^12 bushels of berries, while the

unfertilized side strips (the area of each being 4 square rods) produced,

respectively, iyi2 bushels and 2 bushels. It will be seen from these

figures that there was a very marked increase of fruit on the middle

portion, due to the application of the fertilizer. This is particularly in-

teresting because, at the time when the fertihzer was applied, the vines

were going out of bloom, and there was no rain to speak of, to dissolve

the fertilizer and wash it into the soil, for several days after the appli-

cation. It is the first time in our experience that fertilizers have been

known to cause a marked increase in the amount of fruit on a cranberry

bog in the first season applied. This is suggestive in several ways. It

looks as though vines which have borne a larger crop, due to freedom

from fungous disease brought about by spraying, need an extra supply of

plant food the following year m order to maintain their vigor and hold

their ovm in fruiting with unsprayed vines. The results of this fertilizing
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and spraying may perhaps also be taken to indicate that fertilizers will

do their best work in dri\'ing fruit production only when the vines are

comparatively free from fungous disease. They also suggest the possi-

bility that there is a best time for applying fertiUzers, in order to get the

best fruiting, perhaps at about the blossoming period. A rather marked

increase in fruit production, following a first appUcation of fertilizers

rich in nitrates, during the blossoming period, on Howe vines, was noted

on some other bogs toward the close of the season. There seems to be

much yet to be learned along these hnes by further experimenting.

An unexpected result of the spraying, noticed on all five of our old

fungous plots during the season, was the kiUing of the wood moss. This

moss appears to have been completely killed out on every one of these

plots, while, on the general bog surrounding some of them, it is present

in considerable abundance and ver}^ much ahve up to the very edge of the

plot.

When the fruit was gathered from these five plots, no marked difference

in color between the berries from the sprayed plots and their checks was

observed. The size of the berries from the Early Black and IMcFarlin

plots was practically the same as that of the berries from the checks, but

the berries from plots A and C (Howe plots) were distinctly smaller

than those from their checks, as shown by the following averages of counts

of berries in cupful samples (New England Cranberry Sales Companj^'s

inspector's cup) from the different plots and their checks, the samples

being in each case taken as evenly as possible from the various boxes :

—

Table 2.

Plot.
Number

of Samples
counted.

Averace
Number of

Berries
per Sample.

Variety.

A (fertilized middle portion),

A (the unfertilized side portions),

A (check), . . . .

B

B (check)

C

C (check)

D

D (check 1), .

D (check 2)

E

E (check), ....

96

97

90

60

61

102

96

113

110

108

109

109

Howe.

Howe.

Howe.

McFarlin.

McFarlin.

Howe.

Howe.

Early Black.

Early Black.

Early Black.

Early Black.

Early Black.

The keeping qualities of the berries from these five old fungous plots and

their checks were tested, with the results shown in the follo-\Aang table :

—
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Table 3.

Plot.
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The results of the tests of the keeping qualities of the berries of the

McFarlin plot and its check are remarkable in that they appear to indicate

absolutelj^ no effect resulting from the spraying, a result never before even

nearly approximated in any test of berries, which had been sprayed with

Bordeaux mixture, carried out at the station bog. It should be noted in

this connection that the McFarUn berries, both sprayed and unsprayed, on

the station bog, and apparently also on other bogs in its vicinity, kept

unusually well this year, apparently as a natural result of the peculiar

weather conditions.

Three new fungous plots were this season started on the station bog.

One of these (on Howe \'ines) was sprayed with hme-sulphur solution,

made from Frost's Powdered Lime-Sulphur, on June 7, June 18, June 28,

July 21 and August 7. This plot was picked on September 28. Its area

is 9 square rods, and it yielded 5% bushels, while a check of 6 rods im-

mediately adjacent 3delded 12% bushels. The marked decrease on the

sprayed area was probably due to some injurj- caused by the spray. The
berries from this plot and its check were tested for keeping quality, the

results being in favor of the check, the percentage of loss among the

berries of the plot being 34i/'o, while amongst those of the check it was only

25^/^. ,As far as the results obtained from tliis plot are concerned, therefore,

there seems to be nothing to be said in favor of this preparation for use

as a cranberry fungicide. It is planned to continue this test another

season.

Another of the new plots was sprayed with Bordeaux mixture, prepared

in the usual way, on June 7, June 17, June 28 and Julj' 21, and with neu-

tral copper acetate on August 7. The area of tins plot is 9 square rods and

it yielded 7% bushels, while its check of equal area yielded 12 bushels. In

the storage tests the loss among the berries from this plot was approxi-

mately 17 per cent., while its check showed a loss of 27^4 per cent.

One-half of the fertihzer plot which had, previous to 1913, been treated

the most heavily with nitrate of soda, was also sprayed during the season,

for the fu'st time, for the purpose of learning about the combined results

of fertilizing and fungous sprajang. The spraying with Bordeaux mixture

was done on June 6, June 17, July 11 and July 21, and neutral copper

acetate was used on August 7. The whole fertilizer plot (plot 15) was

picked on September 16, and the sprayed portion yielded only 3^2 bushels,

while the misprayed portion gave approximately 6% bushels. In the

keeping tests, begun with these berries on October 28 and ended on

December 22, the sprayed berries showed a loss of only 31-/o per cent.,

while the unsprayed lost 44% per cent.

It will be seen from the figures here given that there was a marked

decrease in the fruit production on both of the two new plots treated with

Bordeaux mixture and neutral copper acetate. This is in accord with the

results generally obtained in the co-operative spraying tests carried on on

other bogs by the growers during the season, at least in those tests in

which spraying was done during the blooming period. While it is impos-
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sible to say definitely what caused the falling off in the fruiting on the

sprayed areas, it seems highly probable that the Bordeaux mixture was

in some way injurious when used during the blooming period. This can

be determined only by further tests.

The new disease, spoken of as the "blossom end rot" in last year's

report, was much in evidence, after picking, among the Howe berries of

the station bog again this year, most of the rot among those berries being

evidently due to it. During the month of October, samples of Howe
berries were collected from 54 different bogs, for the purpose of gaining

some knowledge concerning the distribution and severity of this disease

on different parts of the Cape, as such knowledge seemed not only desir-

able from the scientific standpoint but also more or less essential for prac-

tical purposes. The bogs from which these samples came were distrib-

uted as follows: Chatham, 2; Harwich, 4; Mashpee, 1; Falmouth, 1;

Nantucket, 1; Wareham, 16; Carver, 7; Marion, 2; Rochester, 2; Plym-

outh, 3; Middleborough, 2; Pembroke, 2; Hanson (including Bryant-

viUe and South Hanson), 11.

The " blossom end rot " was found to be present in varying amount in all

the samples collected, and the examinations (made from December 11 to

December 15, inclusive) appeared to produce no certain evidence that

there is any very distinct sectional variation in the degree of its preva-

lence among the different portions of the Cape. The largest percentage

of loss found to have been certainly caused by this disease, at the time

of examination, in any of these collected samples, was roughly SVs per

cent., and the smallest loss found in any sample was rouglily 1% per cent.

Much of the rot present, however, which did not show the characteristics

of this disease definitely was probably, nevertheless, caused by it.

Experiments with Copper Sulphate in the Flowage.

In June, tests were begun looking for the control of fungous diseases

on cranbeny bogs by the application of copper sulphate in the flowage.

These tests were carried out on the flooding sections of the station bog.

The strengths of the copper sulphate tried were 1 part to 50,000 parts of

water (1 pound in 6,250 gallons) on sections 23 and 25 and 1 part to

100,000 parts of water (about 1 pound in 12,500 gallons) on section 27.

The copper sulphate was first dissolved in pails of water, and the solutions

were distributed as evenly as possible in the flowage of these sections by
throwing them into the flowage by the cupful. This treatment was

applied to these sections on June 3 and again on June 16.

On section 23, each treatment was continued about twenty-three hours,

the chemical being applied to the flowage within an hour or two after the

section was completely flooded. As the whole bog was flooded at the same
time that the flooding sections were flowed for this treatment, the vines

were more or less wet for several hours before the copper sulphate was put

in the water.
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On section 25 the treatment was continued for eleven hours and was
applied after twelve and one-half hours of complete flooding without

treatment.

On section 27 the duration of the treatment was about eleven hours

and as with section 25 followed twelve and one-half hours of complete

flooding without treatment.

When the first treatment was applied to these sections the blossom

buds were well developed and prominent, and when the second treatment

was applied they were approaching near to blooming, there being here

and there a blossom alreadj^ opened. The treatment did not appear to

affect the buds on sections 25 and 27 injuriously in any way. Some of

those on section 23, however, were spotted shghtly, showing that the

solution used had probably been fully as strong as was desirable.

The strength of the solution used on section 23 was recommended to

me by Dr. Shear, as the result of laboratoiy experiments wliich he had

conducted. Unfortunately, spanworms worked seriously on section 23

and reduced the crop to such an extent as to destro}^ the resiilts of the

experiment so far as the amount of the fruit might give an}^ evidence

concerning the effect of the treatment.

At picking time sections 25 and 27 yielded fruit at approximately the

same rate as the untreated flooding sections immediatelj^ adjacent, while

section 23 showed a marked falling off. These sections were picked on

September 2.

The berries from all the flooding sections were tested for keeping quaUty,

the period of storage extending from October 29 to December 17. The
treated sections 25 and 27 showed httle if any improvement over the

untreated sections. The berries from section 23 seemed to keep better

than those from the other flooding sections, but the difference was not

sufficiently marked to justify the conclusion that the copper sulphate

treatment had been decidedly beneficial.

4. VARIETIES.

Investigations looking toward the possible development of more desir-

able and more proUfic varieties were continued, especiallj^ prolific vines

of the late Howe and Vose's Bell varieties being marked for observation

next season. Some interesting and apparently valuable sports of the

Late Howe variety were also found and were marked. Unfortunately,

the majority of the uprights, marked in previous years on account of their

prolificness, did not bear well in 1913, though there were a few exceptions.

Samples of the berries of most of the different varieties gro"WTi on the

Cape were collected in October. Samples of vines were also collected

where it was possible to get them without too much trouble. Later these

samples were studied more or less carefuU}', and the varieties which ap-

peared to be mixtures of two or more distinct varieties were separated in

a general way into their component parts. From these collected samples

smaller samples, numbering in all 180, were taken and bottled in alcohol
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and formalin for future study and reference. The following are the

varieties which were thus sampled, together with the number and gen-

eral location of the bogs from which samples of each were taken:—

Table 4.

Variety.
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Several of the less well kiio\\'n of these varieties, judging from the

appearance and condition of the samples when thej^ were examined in

January and from the notes obtained when the collection was made,

appear to have highly commendable qualities and would probably give

a good account of themselves if they were more extensiA-ely planted.

5. BLOSSOM POLLINATION.

The plots, from which bees were screened out on the station bog during

the blossoming periods of 1911 and 1012, yielded fruit in 1913 at approxi-

mately the same rate as the surrounding bog. A new plot was screened

o£f during the 1913 blossoming period with wire netting through which no

bee could work its way. There were a few blossoms present when the

screen was put in place, but these were all carefuU}'' picked off. The crop

on this plot was picked on October 8 and amounted to 2-% quarts, the

area of the plot being approximately half a square rod, while the crop

produced on any equal area of the surrounding bog was not less than a

bushel. It will be noted that this result was in accord with the general

results obtained in aU similar pre-\dous experiments, except that the results

with last year's plot were not nearlj?- so striking.

As it was evident at a glance that the margins of the 1913 plot were

bearing more berries than its central portion, a margin 9 inches wide was

marked off around the plot and picked separately. The total area of

this margin was approximately 34 square feet, slightly more than one-

fourth of the entire area in the plot, yet it yielded 664 berries, while the

whole plot produced only 1,452. A further marked peculiarity noted was

that the portion of this margin bang on the upland side of the plot bore

much more heavily than did the remainder, the jilot being located at the

edge of the bog, just across the ditch from the upland.

\Vhiie these observations seem suggestive, it does not seem that any

definite conclusion can be drawn from them.

6. FERTILIZERS.

The station bog plots used in the 1911 and 1912 fertihzer tests were

again treated in 1913 with the same kinds and quantities of fertilizer as

before. Because of reflowing operations just befoire the bloom, the fer-

tilizers were applied later than usual, — on July 15. At picking time

it was found that the fertilized plots had not, as a rule, produced as many
berries as the check plots, the reverse of the result obtained last j^car.

The decrease on the fertihzed plots was not very marked, however, except

with plots 14 and 15, these being the two plots on which nitrate of soda

had been used in the largest quantities. Plot 15 showed a much greater

falling off than did 14, and it had received heavier applications of the

nitrate than had 14. This result is somewhat surprising in view of the

fact that these two plots had by far the heaviest blossom of any portion

of the bog. For some reason, however, there was a marked drying up of

the blossoms and small berries on these plots, especially on plot 15, not
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observed to any such extent on other portions of the bog. The condi-

tions were such that, all things considered, this drying up could not very

well be laid to dry weather. The reduced fruiting seems to have been due

to a detrimental effect of the nitrate, though it is perhaps impossible to

say with certainty just what the effect was.

It must be remembered that half of plot 15 was this year sprayed for

fungous diseases as well as fertilized, but the imsprayed portion showed

a marked falling off in the quantity of fruit as well as the sprayed portion,

though the reduction was not so great on the unsprayed part.

AU the fertiUzer plots were picked wnth scoops on September 15 and

16. The berries appeared so uniform in color and most other respects

that no records were made except those concerning their quantity and

size. The average counts of berries in several cup samples taken from

each of the plots did not show any considerable differences in size that

could apparently possibly be considered to have been caused by the

fertiHzer.

Storage tests were carried out with berries from all the plots, beginning

on October 28 and 29 and ending December 17 to 23, the results of which

did not appear to show any marked effect on the keeping quality, attribu-

table to the use of the fertilizers, except with the berries from plot 15.

The berries from this plot showed poor keeping quality, due apparently

to the excessive use of nitrate of soda. It will be remembered, in this

connection, that this plot has received heavier applications of the nitrate

than have any of the others.

7. INSECTS.

This year saw a marked decrease in the prevalence of both the flo-n-ed-

bog fireworm (black head cranberry worm) and the fruit worm. Last

year the injury done by both of these insects was abnormally severe as

compared with that of most of our recent seasons. This year, however,

both insects caused comparatively little trouble, a surprising fact, con-

sidering the damage done by them last year. The causes of this year's

reduction of these two pests are obscure, but it seems possible that some

condition of the weather during some period of the year was responsible

for it. If so, the most marked pecuharity noted in these conditions was

the verj^ open winter of 1912-13, especially during December and January.

Probably the only way in which we can come to any definite conclusion

concerning the bearing of weather conditions on the prevalence of these

insects is to keep a careful record for a long period of years, and make com-

parisons of the experiences of one year with those of another.

The season of 1913 has had other peculiarities from the standpoint of

cranberry insect troubles, especially in an unusual prevalence of cutworms

and of spanworms of several different species. During the season numer-

ous reports came in from cranberry growers, telling of threatening gypsy

moth trouble, and the little cranberry snout beetle seemed to be more

troublesome than usual.
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On August 15, 1912, 42 pupa of the spanworm, spoken of in last year's

report as having done serious damage on the Old Colony bog at Yar-

mouth, were collected. They were kept on moist sand in cans through

the fall, A\'inter and spring. Between June 6 and 15, 33 moths emerged

from these pupse, but no parasites were obtained from them. Three of the

pupae which failed to produce moths appeared to be in good condition

and were probably Icilled by overheating a few days before the moths

would have emerged. Of the 33 which emerged, 17 were females and 16

were males. These moths were protandrous in emerging, for before

June 11, 13 males and only 8 females emerged, while after June 10, 9

females and only 3 males emerged.

The Old Colony bog was visited on June 13, and the moths of this insect

were found to be present in great numbers on an area of about 2 acres

(estimated) which had not been treated in any way to get rid of the insect

because that portion of the bog belonged to a separate and apparently

careless owner. It was estimated that three-fourths of the moths present

were males, though the proportions of the sexes were not carefuUj' ascer-

tained. Portions of the bog, which had been heavily infested in Jul}'-

and August, 1912, had been burned over in the latter half of August, and

other infested portions had been resanded with seven-eighths to one and

one-half inches of sand. Practically no moths of the spanworm were

found on June 13 on any of these treated portions, except where the

treated areas immediately adjoined untreated hea\aly infested areas.

Evidently the burning had effectively destroyed the pupae and the sanding

had smothered them.

It should be noted that, though the bog had been completely under

water for over four months, the winter flowage had not drowned any con-

siderable percentage of the pupse. This seems remarkable, for they were

entirely naked {i.e., were without anj' cocoon), and they lay fully exposed

on the surface of the sand. Practically all of these pupae found on the

bog on June 13 showed distinct signs of life when they were picked up.

At the time of the visit to this bog (June 13) the millers on the infested

portion were being caught and eaten (the males mostly, as this sex flew

up into the air readily, sometimes as high as 25 or 30 feet, while the females,

as a rule, being heavy with eggs and unable to fly well, stumbled and

flopped along the ground when attempting to do so) by swallows (two

barn swallows and a dozen or more tree swallows). These swallows were

flying back and forth like bats, and the clicking of their bills was incessant

as they captured the moths.

On June 15 the eggs were dissected out of several plump female moths

and counted . These eggs were all bright green in color when fresh from the

moth, but they afterward turned yellowish. They numbered 295 in the

most productive moth and 187 in the least productive one. Eggs of this

insect were found hatching in the laboratory on June 19 and 20.

On July 8 the Old Colony bog was visited again, and the following notes
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concerning this insect were obtained from Mr. Ellis, the foreman of the

bog, who seemed to be a very good observer :

—

The first worms of this insect were found on the bog on June 25. They were then

very small. Unhatchcd eggs were also present in abundance on June 25. Small

worms were seen in numbers spinning down the vines and hanging by small silken

threads. Most of the moths had disappeared by June 18. The eggs on the \'ines

were yellow and laid in scattering small batches (three to five together). The
worms worked first on the backs of the leaves. On June 15 the female moths were

more numerous and were scattered more widely over the bog than they were on

the 13th, but the males were much less numerous on the 15th than they had been on

the 13th. Females full of eggs were abundant on the 15th.

Mr. EUis had been spraying a considerable part of the portion of the

bog that was under his management, and his experience seemed to show

that it is not very difficult to control this insect by thorough spraying

with arsenate of lead.

On July 8 the womis (of many different sizes) were present on the badly

infested portions of the bog in great numbers, the \'ines having been turned

broTVTi by their work and when opened appearing hterally ahve with

them. So little foliage was left on the worst infested portions of the bog

that death by starvation for a very large percentage of the worms seemed

inevitable.

This insect was also found to be threatening a bog in Mattapoisett this

year. Its scientific name is Epelis truncataria var. faxonii Minot. It

has also been found feeding on the bearberry (Arctostaphylos uva-ursi L.).

A considerable number of parasites have been reared from the various

cranberry pests, the names of which have not yet been determined. Some
of these foiTns appear to represent species new to science. The species

which have been named are listed in the following table:—
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The Diptera listed in this table are named according to Aldrich's cata-

logue. Prof. C. W. Johnson of the Boston Society of Natural History

has adopted changes in their names as follows: Carcelia pyste instead of

Exorista pyste; Phorocera daripennis instead of Euphorocera daripennis;

and Exorista robusta instead of Tadiina robusta.

A small Trypetid was reared from cranberries in small numbers last

year. Mr. F. L. Thomas, a graduate student at the Massachusetts

Agricultural College who is making an exhaustive study of the Trypetidse

of New England, has determined this insect to be a small variety of the

apple maggot {Rhagoletis pomonella Walsh).

Experimental Insect Work.

The experimental work with insects has been confined mostly to the

flowed-bog fireworm (black head cranberry worm) and the fruit worm.

The work with these two insects is here discussed in order.

The Flowed-bog Fireworm (Rhopobota vacciniana (Pack.)).

In last year's report on this insect, the successful results obtained in the

treatment of a certain large bog by holding the winter flowage late (until

June 2) and then reflowing about three weeks later to destroy an infesta-

tion were fully discussed. A somewhat similar procedure was carried out

on another but smaller bog this season with much less satisiactory results,

due probably to the fact that the reflowing was done too soon. The
results of this treatment, aU things considered, seemed, however, to be

sufficiently successful to support the belief that where this method of

treatment can be applied it will be found at least a fairly satisfactory one.

The reflowage should evidently be continued for about forty-eight hours

in this treatment.

The ideas advanced in last year's report, as to the way in which the

bunching up of the hatching of the eggs of this insect is brought about

by the late holding of the winter flowage, were evidently erroneous, as

shown by observations made this year. Tests with thermometers made
during the June reflows of the station bog showed that there are greater

differences of temperature among the vines of a cranberry bog when the

bog is flowed than when it is open to the air, the conditions in this respect

being exactly the reverse of what they were last year presumed to be. It

now seems probable that the bunching of the hatching by the late holding

of the water is brought about mostly by a retardation or prohibition of

hatching for the first eggs that reach or approach the hatching stage. It

seems evident that the worms from any eggs, which might become far

enough advanced to hatch under water, would drown soon after hatching,

and it is not impossible that this is what really happens to the eggs soonest

developed while the eggs of slower development are catching up with them
as the warming up of the water in the late spring allows them to develop.

It is, of course, evident that the whole hatching process is naturallj'^ more
rapid under the hot sun of June than it is when the development of the

V
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eggs and their hatching takes place in the cooler weather of the first half

of May, as usually occurs when the winter flowage is drawn off early.

The general position taken in last year's report in regard to the practice

of spraying for this insect should probably be maintained. It seems pos-

sible, however, that instead of using Bordeaux mixture and Paris green

for this spraying it will be found best to use arsenate of lead alone, for

while some of the results with Bordeaux mixture have been satisfactory,

there seem to be indications, as hinted in the discussion of the fungous

work, that it may be, under some conditions at least, an injurious spray

to use. Experiments are planned to find out more exactl}^ about tliis.

On some bogs where Bordeaux mixture and Paris green were used on one

part and arsenate of lead on another, this year, the arsenate seemed to

give rather distinctly better results.

We have not j'ct learned what is the best method of applying a spray to

a cranberry bog. There is considerable diversity of opinion and experi-

ments are planned along this line. It seems probable that in thick vines

a spray driven with a good deal of force wiU place poison where it will

have a more satisfactory effect in destroying this insect than will the

poison of a spray lightly applied.

From observations made on a considerable number of bogs this year

the fireworm seems to be distinctly more injurious on vines of the Late

Howe variety than on those of the Early Black, and it seems probable

that the late Howe is a favorite variety with the pest. If this is the case

it is only an added indication that where bogs are being newly built it is

the part of wisdom to plant only one variety on a bog. It is now becom-

ing generally recognized that the planting of several varieties together

on the same bog causes more or less serious inconvenience in many ways.

A detailed account was given in last year's report concerning the para-

sites and other natural enemies of this insect and concerning the bearing

which bog flooding has upon their effective acti\aty. In connection with

this, attention should have been drawn to the fact that when a bog is

reflowed after picking, the most conspicuous forms of animal life that are

driven ashore by the water, from the standpoint of their numbers, are the

spiders. The number of these forms seen by one looking for them on the

occasion of such after-harvest reflowing is reall}^ surprising, and it is

interesting to note that most of them, even on a bog of considerable size,

succeed in reaching the upland alive, as they are fitted to float lightlj^

upon the surface of the water for considerable distances if need be. In

aU his examinations of bogs made during the process of the after-harv^est

reflow the writer has as yet failed to see a sufficient number of parasitic

insects driven up by the water to lead him to beUeve that they can have

nearly as important a bearing on the prevalence of the fireworm as do the

spiders. It is probable, however, that the presence of the parasites on a

bog is, in a sense, more affected by the flowing than is that of the spiders,

because they are probably far more liable to destruction by drowning
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than are the spiders, and, moreover, the parasites affecting the firewonn

are probabty more or less peculiar to it, while its spider enemies are pre-

sumably not so to any considerable extent.

The Fruit Worm (Mineola vaccinii (Riley)).

The chief work of the j^ear with this insect has been a study of its natural

enemies. Nearty a dozen species of its parasites have now been reared,

and the complete life-histor}^ of the most important one was worked out

in a general way. The connection of this parasitic insect with the fruit

worm has not been heretofore suspected. Mr. H. L. Viereck, an expert

on the group of insects to which it belongs, has determined it to be a

Braconid, to which has been given the name Phanerotoma tibialis (Halde-

man). This insect is seen on the cranberry bogs in large numbers every

smnmer during and after the blooming period, but its presence has not

been accounted for until now. This year it was seen in greatest numbers

during the first tlu'ee weeks of July. The adults had almost entireW

disappeared from the bogs by July 26, it being possible to find onlj- now
and then one on that date.

A large number of worm}' berries were collected during August, 1912,

and kept in cans until Aug. 1, 1913. A careful record was made both of

the moths and of the parasites which emerged from them. The wormy
berries used in this investigation came from three general locations, as

follows :
—

1. The center of a flowed bog (station bog).

2. The edge of a flowed bog (station bog).

3. A dry bog (that is, one not flowed at any time).

The record of moth and parasite emergence was kept with these loca-

tions in mind. The most interesting points brought out bj^ the record

thus obtained were :
—

1. That Phanerotoma tibialis far outnumbered all the other parasites taken
together. All the parasites obtained from the berries collected at the center of

the station bog, and all but one of those from the berries from the edge of this bog,

were of this species. About four-fifths of the parasites from the berries collected

from the dry bog were also of this species, but the percentage of other species of

parasites was much greater among the forms obtained from the dry-bog berries

than among those from the berries of the flowed bog.

2. The berries from the dry bog produced nearly three times as many parasites

in proportion to the fruit-worm moths which emerged, as did the berries from any
portion of the flowed bog.

3. The time of the greatest emergence of the parasites, from the berries from all

three locations mentioned, was from June 30 to July 9, inclusive.

4. As slightly more parasites than moths emerged from the worms of the berries

from the dry bog, it seems highly probable that more than 50 per cent, of the fruit

worms on that bog last year were killed by these parasites. This shows something
of the importance of the natural enemies of this insect which we have been in the

habit of considering as being comparatively free from parasites.
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It will be observed that the relative number of parasites obtained from

the flowed bog and from the dr}^ one shows a similar condition, as regards

the amount of parasitism present on drj^ and flowed bogs, as that which

has already been found to prevail with the natural enemies of the fire-

worm. From a study of the life-history of Phanerotoma tibialis, however,

it is not easy to see just how the flowage can affect its prevalence to so

marked an extent.

It was found that the adult Phanerotoma laj^s its egg in the egg of the

fruit worm. It was not difficult to get one of these parasites to lay its egg

under observation, by bringing near it a berry bearing, under one of the

lobes of its blossom end, an unhatched fruit-worm egg. During their

laying season these parasites are constantly running over the vines with

actively vibrating antennse, searching for the eggs of the fruit worm, and

when a fruit-worm egg is presented to one of them, if the parasite's antennse

sense its location, it will give immediate attention to it, and the whole

process of egg-laying may be observed. A peculiar fact discovered was

that one of these parasites will never lay twice in the same fruit-worm egg.

One of them can, however, be readily induced to lay an egg in a fruit-

worm egg which already contains one or even several (twelve was the

highest number reached in any test) eggs deposited by other individuals.

It is not known whether the egg of the parasite hatches before the fruit-

worm egg does or not, but at any rate the fruit worm when it emerges

from the egg carries the small parasite with it, and as the fruit worm grows,

the parasite within it also grows, feeding upon its juices and so depleting

its \dtality that when it becomes full gro^vn and forms a cocoon around

itself for the winter it is often but little more than half the size of a normal

unparasitized worm. Some time during the winter or spring the parasite

larva becomes full grown, and, emerging from the fruit worm, leaves it a

mere dead shell, and forms its own tiny white cocoon about itself within

the cocoon of the fruit worm. Within its cocoon it changes into the pupa

stage, and it eventually emerges as an adult parasite nearly a year after

it was deposited as an egg in the egg of the fruit worm.

The second most important parasite which was reared is a small Ich-

neumon, which lays its egg in the fruit worm after the woiin has hatched

and is already working in the berry. The name of this species has not yet

been determined. The female in laying its egg inserts its egg-la3ing

apparatus into the hole in the berry made and left open by the fruit worm.

This parasite was never seen to drive its egg-laying apparatus through

one of the white silken curtains which the worm usually makes over the

mouth of its hole after going into its first or second berry. The hfe-history

of this parasite has not yet been worked out to any extent. It is certainly

a far less important enemy of the fruit worm than is Phanerotoma tibialis.

A large quantity of wormy berries was collected in August for the pur-

pose of making a detailed study of some of the immature stages of these

parasites, particularly of Phanerotoma tibialis.
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Study of Control for Flowed Bogs.

No vevy definite advance in our ideas concerning the control of this pest

by flooding was made during the year. The recommendations given in

last year's report still stand with no substantial alteration. It w^as sus-

pected that the depth of the flowage had some bearing on its effect in

killing the worms within their cocoons, as it seemed reasonable to suppose

that the greater water pressure of a deep flowage would be more effective

in collapsing or penetrating the cocoons than would be the slight pressure

of a shallow flowage. To test this, different lots of fruit worms, spun up

naturalh^ in their cocoons, were submerged to various depths in water

contained in long glass tubes 2 inches in diameter. The following table,

showing the results of some of these tests, is self-explanatory: —

Table 6.

Date
submerged.
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worm by preventing the escape of the vesicle of air whicli it contains,

which the worm needs more than anjiihing else in order to sur^'ive, rather

than by keeping out the water by any imperviousness of its texture.

Study of Control for Dry Bogs.

The sanding experiment conducted last year to determine whether this

insect could be smothered in its cocoon was repeated and continued tliis

year on the same heavily infested bog, but the general results were unsat-

isfactory. It now seems pretty certain that this method of treatment for

this insect will never be practicable.

In last year's report suggestions were made concerning the possibility

of starving out fruit-worm infestations on dry bogs by kilhng the remnant

of the bloom, in seasons of severe winter-kill injury or of severe frost

damage, by spraying with a 20 per cent, solution of iron sulphate. First

tests of the practicabiUty of this method of treatment were made this

year, and it was found that this solution can be used in such a way as to

kill the bloom without apparent injury either to the vines or to the buds

forming for the succeeding year's growth. It was necessary, however, to

apply three rather thorough sprayings to accomplish the entire destruc-

tion of the blossom, because of the fact that the blossoming does not all

take place at one time but is extended through a period of tlu'ee or four

weeks. The necessity of three sprayings instead of one has brought in a

new element of danger which must be considered in connection with the

practicability of this treatment. In making the 20 per cent, solution of

iron sulphate 100 pounds of the chemical are used to every 50 gallons of

water. It takes not less than 150 gallons to spray an acre thorouglily.

This means that with each application 300 pounds of the iron sulphate

would be put on each acre. Three applications would therefore deposit

nearl_y half a ton of this chemical, per acre, on the bog. It seems probable

that this amount of iron sulphate might injure the cranberr}^ root system

and perhaps kill the vines. Further experiments to determine about this

are planned. If there proves to be no danger in this way, it seeriis prob-

able that this method of treatment may be used to advantage on dr}^ bogs.

8. WEEDS.

Horse-tail {Equisetum spp.) is one of the most troublesome weeds "oith

which the cranberry grower has to contend. In general the growers show

more concern over this weed than they do about any other. For this

reason some attention was given to experimenting with it during the j^ear.

Solutions of copper sulphate as strong as 1 pound to 25 gallons of water

were injected into a bog where this weed was growing in abundance to

depths ranging from 6 inches to 2 feet, the solution being poured into holes

a foot apart each waj^ made with a crow bar, a quart of the solution being

used in each hole. Unfortunately, this treatment did not seem to affect

the horse-tail injuriously, but rather seemed to cause it to thrive instead.
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Tliorough spraying with a 20 per ci^nt. iron sulphate solution was fairly

effective in killing back the tops of the weed, but there is, as has been

already noted under the fruit-worm discussion, a possible danger connected

with the continued use of this chemical on the same area.

9. RESANDING.

Plots and V, spoken of in last year's report, were again left without

resanding this year, while the surrounding bog was also not rcsanded.

Three new plots, N, R and T, were laid out and resanded on Oct. 17, 1912,

while the surrounding bog was not resanded again. All these plots were

picked with scoops in 1913, and checks on each were laid out and picked

for comparison. The following table is, in this connection, self-explan-

atory :
—

Table 7.

Plot.

Area of

Plot
(Square
Rods).

Quantity
Date

I

of Fruit
picked. ! obtained

! (Bushels).

Percent-
age of

I

Loss in
I

Variety.
Storage I

Tests.

O, .

O (check 1),

O (check 2),

V, .

V (check 1),

V (check 2),

N, .

N (chi^ck 1),

N (check 2);

N (check 3),

R, .

R (check 1),

R (check 2),

T, .

T (check 1),

T (check 2),

Sept. 8
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with the results given in the above table. The berries of the checks on

each plot were mixed so as to have a single storage check in each case.

The check storage figures given in the table, therefore, represent the

mixture rather than the first check alone with which they are in each case

associated. As the table shows, the berries of the unsanded plots, and

V, kept somewhat better on the average than did those of their checks,

while the berries of the sanded plots, N, R and T, all showed a poorer

keeping quahty than did those of their checks. The results of these tests,

therefore, substantiate the findings of last year.

10. MISCELLANEOUS.

During the fall the possibiUty of introducing cranberry vines for holiday

decorations for dining rooms was invest'gated. A patch of Late Howe
vines was left unpicked and was so protected from frost until into Novem-
ber, by covering with canvas, that it kept in good green condition.

Some of these vines were cut and several wreaths and other decorations,

bearing the natural fruit, were made from them, a damp moss foundation

being used in every case. From the standpoint of beauty these decora-

tions probably could not be easily surpassed, and there seemed for a time

to be a considerable promise of success for them. It was found eventually,

however, that even though plunged in wet moss the vines did not endure

the heat of wann rooms for more than two or three days before they

deteriorated badly in appearance. It became evident, therefore, that

cranberry vines could not be used successfully in this way. Possibly,

however, a satisfactory decoration could be made up by putting them in

gold-fish jars for table ornamentation.

The results of the following spraying tests are of general interest, the

spray in every case having been applied on a cranberry bog on the 29th

of July :
—

1. Plot sprayed with a mixture made up as follows: copper sulphate,

2 pounds; lime, IV2 pounds; resin fish-oil soap, 1 pound; arsenate of lead,

3 pounds; water, 25 gallons. No injury was later observed to have been

caused by the application of this spray.

2. Plot sprayed with a mixture made up as follows: lime, IV2 pounds;

resin fish-oil soap, 2 pounds; arsenate of lead, 3 pounds; water, 25 gallons.

No injury was observed as a result of this application.

3. Plot sprayed with the following mixture: resin fish-oil soap, 2 pounds;

arsenate of lead, 3 pounds; water, 25 gallons. The vines on this plot

were badly burned by the treatment.

The interesting point shown by these three tests is that resin fish-oil

soap and arsenate of lead cannot safely be used together as a spray unless

lime is added. This confirms the general result of tests made in previous

years, but not reported upon.

A plot was picked by hand in the three j^ears 1911, 1912 and 1913 suc-

cessively, the quantity of fruit it produced in comparison with the sur-
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rounding bog being carefully noted each year, the general result being

that no distinct advantage was shown for hand picking, from the stand-

point of the quantity of fruit obtained.

The Station Bog Crop.

The bog bore a heavy crop this year, averaging about 100 barrels to the

acre. This was probably largely due to the rest which the vines obtained

because of last year's Ught crop. More water was pumped for irrigation

this year than in 1912, but on the whole the bog was nevertheless run

fairly dry throughout the season, the ditches not being held full of water

for more than a day or two at a time. There is probably a limit beyond

which a bog may become too dry if it is not irrigated. It seems probable

that the wisest course to pursue, in irrigating a bog during the growing

season, is to try to be sure that it has what water it needs, but that it is

not given moisture much in excess of its needs. It is probably better to

give a bog a good wetting occasionally and then draw off the surplus water,

so that the ditches shall be fairly empty, than it is to keep the ditches full

for any considerable period of time during the growing season and so run

the risk of injuring the root system. The year's observations have con-

firmed those of last year in showing that the higher and better drained

portions of a bog usually produce more fruit than the low portions. Blocks

of vines from different parts of flowed and dry bogs were cut out during

the season, and their root systems were washed out and examined, it being

discovered from this that, while on dry bogs there is often a weU-developed

root growth running deep into the peat, the root system of flowed bogs is

apparently always confined for the most part to the sand above the peat.

It seems Ukely that this condition on the flowed bogs has been brought

about by root drowning caused by holding the water table too high during

periods of root growth. A mere examination, therefore, of the amounts

of fruit borne by high and low portions of a bog is probably not sufficient

to justify any certain conclusion concerning the causes of differences noted

in the amount of fruit produced, for while a season's drainage is one possible

important factor, the development of the root system, brought about by

the conditions of previous seasons, is perhaps as likely to have a powerful

influence on the abihty of the plant to withstand drought, and therefore

produce fruit under extreme conditions.

A Needed Investigation.

We are coming to understand something of the factors bearing directly

on the portion of the cranberry plant which is above ground. While it is

important to understand these more easily observed agencies bearing on

the welfare of the plant, it seems certain that some of the most important

things which influence cranberry growth and fruiting have been almost

entirely neglected in our studies up to the present time. A knowledge

of the special physiology of the plant, especially of the development and

activities of its root system, seems to be very greatly needed. The sea-
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sonal development of the root system of most plants begins fairl}- early

in the spring and is nearly coincident with the development of the por-

tions of the plant above ground. Recent investigations ^ by Professor

Coville, of the Bureau of Plant Industrj^ of the United States Depart-

ment of Agriculture, have shown that wath the blueberries, which are

closely related to the cranberry, there is no new root growth until the plants

have developed both their leaves and their blossoms. If this is also the

rule in the development of the cranberrj', it may have a rather vital bear-

ing on the practices to be observed in the flooding and irrigation of cran-

berry bogs. A lot of vines have already been potted in earthen pots

for this and other studies, and it is planned to pot more in glass pots, so

that the growth of the root system may be directly observed in all its

stages and in all seasons. ____...-

NOTES ON THE WATER OF CRANBERRY BOGS.^

Since 1910 the experiment station has been studying the properties and

movements of the water in cranberry bogs, in order to determine the

probable losses of fertility in the drainage water, because the bogs are

generally flooded throughout the winter and sometimes for brief periods

during the summer, as a protection against frost and insects.

The problem of fertilizing cranberry bogs to improve the crop is com-

plicated by this periodical flowage and drainage. Many cranberry

growers think that fertilizers are wasted if applied to the bogs, while actual

field experiments in Massachusetts, New Jersey and Wisconsin have

shown a positive benefit by a light top-dressing of soluble chemicals,

namely, nitrates, superphosphates and potash salts.

The small experimental cranberry bogs in which the studies ha^'e been

made were devised by Director Brooks, who has described them fully

elsewhere.* It is deemed sufficient for this article to say that each bog is

contained in an upright cyUnder 24 inches in diameter and 48 inches in

depth, constructed of glazed sewer tile bedded in concrete. Each bog

is connected by a brass pipe passing through the concrete, with a smaller

cjdinder of similar construction, 6 inches in diameter and of the same

depth as the bog. The small tile corresponds to the drainage ditch in the

field, and is provided with an outlet and stopcock 12 inches below the

level of the surface of the bog. By means of the smaller cylinder the bog

can be drained or irrigated at will, and the depth of the water-level below

the surface can be observed at any time.

At the approach of winter the bogs are fitted with galvanized iron rims

cemented in place with an asphaltum cement, by which the water-level

over the bogs may be raised to a height of about 12 inches. To prevent

freezing and bursting the cylinders the entire set of bogs is covered with a

1 Experiments in Blueberry Culture," by Frederick V. Coville, 1911. Bulletin No. 193 of the

Bureau of Plant Industry, United States Department of Agriculture.

- By Fred W. Morse.

3 Proc. Soc. Promotion Agri. Sci., 1911, pp. 23-28.
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removable roof of boards which is further covered by cornstalks and hay

to a depth sufficient to completely protect the interior from external

temperature. As soon as freezing weather is over in the spring the cover-

ing of litter is removed, and later, at the proper season for draining the

bogs, the roof is taken awa}\

The drainage from a cranberry bog consists of two quite distinct por-

tions, namely, the run-off from the surface and the seepage from the soil,

while there is the ditch water at the beginning of drainage, which is a

mixture of both kinds. On a properly graded bog nearly all the surface

flowage should run directly into the ditches without seeping through the

soil. On the other hand, water retained by the vines and in depressions

in the surface of the bog, together with the water held in the pore-space

of the sand and peat above the level of the sluice gates, must either evap-

orate or sink lower into the bog, and as it settles it displaces the saturated

bog water, which seeps into the ditches.

The composition of the three types of drainage water has been carefully

followed season by season, and it is believed that some light has been

obtained on the probable losses of fertilit}^

The surface water is removed from the experimental bogs bj'' means of

a dipper, because their construction does not permit it to be drawn off

otherwise without losing its identity. Its composition has been found

to be essentially like any surface water from ponds and streams. The

surface waters from four bogs that had been top-dressed with a complete

fertilizer in 1911 were examined in the spring of 1912, in comparison with

the surface water from four bogs which had received no fertilizer. Total

solids and organic solids were first determined with the following results:

surface water contained in 100,000 parts, 16.0 parts total residue and 4.8

parts organic matter from the fertiUzed bogs while the surface water from

the unfertiUzed bogs contained 19.2 parts total residue and 6.4 parts

organic matter. No nitrates were found, and as the fertiUzed bogs had

not imparted any increase of soluble matter to their flood waters it was

not deemed worth while to carry the analysis further. The run-off cannot

be considered as removing from the bogs any serious amount of fertilit}'',

since its composition cannot vary widely from the water when applied,

except for the soluble matter that is extracted from the vines.

The water standing in the small cylinders at the time the surface water

was dipped from the bogs is nearly the counterpart of the ditch water after

the run-off has past and seepage begins. That is, it is a mixture of surface

water and seepage water. A number of analyses have been made of the

water at this stage, because there are possibihties for considerable varia-

tion, and it will be noted in the table that there is a ^vide range between

the two seasons.
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Table 1. — Composition of Ditch Water.

[Parts in 100.000.)

Bog.

May 4 and 9, 1912.

Total
Residue.

Organic
Matter.

Total
Nitrogen.

8 (A and B),

(A and B),

14 (A and B).

15 (A and B),

71.1

64.3

56.2

52.3

38.6

33.6

26.2

26.3

1.42

1.38

1.15

1.36
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experimental bog in East Wareham contained only 21.3 parts of total

solids and 12.1 parts of organic solids in 100,000 parts of water at a time

when Dr. H. J. Franldin, the superintendent of the bog, deemed the ditch

water to be at its normal state, with no irrigation water mixed with it.

There was but 0.28 part of total nitrogen in 100,000 parts, and bare traces

of phosphates and potash in this w^ater.

The seepage water, which is practically the same thing as the saturated

soil water from the interior of the peat, is noticeably unifonn in compo-

sition throughout the season, and the average composition for 1912 is

very close to that of 1911, published in the twenty-fourth annual report.*

Table 2. — Composition of Seepage Water, 1912.

Total Residue and Organic Matter.

[Parts in 100,000.]
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The amount of this seepage must vary from season to season. The
spring seasons of 1912 and 1913 were unusuallj- wet for about three weeks

after the surfaces of the bogs were drained, and several rains made it

necessary to open repeatedly the stopcocks in the drainage cylinders. The
amount of seepage determined by the amount of water which flowed

through the outlets amounted to 25.6 quarts per bog in 1912 and 24.5

quarts in 1913, or, in round numbers, a little over 90,000 gallons per acre

in the first year and over 85,000 gallons in the second, or an average weight

of over 700,000 pounds of water per acre, which would contain, discarding

fractions, more than 21 pounds nitrogen, 10 pounds of phosphoric acid

and 50 pounds of potash.

There was no evidence that the application of fertilizers in the pre^dous

year caused any increase in these substances.

Fertilizer Scheme for Bogs.

Bogs numbered 6, 10, 11 and 14 receive no fertilizers.

Bog numbered 1 received nitrate of soda.

Bog numbered 2 received acid phosphate.

Bog numbered .3 received sulfate of potash.

Bog numbered 4 received nitrate and phosphate.

Bog numbered 5 received nitrate and potash.

Bog numbered 7 received phosphate and potash.

Bogs numbered S, 9, 12, 13 and 15 receive all three substances.

The period of seepage was succeeded in both seasons by a short space

of time during which the water-level fluctuated within narrow limits, and

following this interval was a prolonged drj^ season during which it was

necessary to add water repeatedly to the small cyUnders to replace the

amount of water evaporated from the surface of the bogs. The addition of

this water gradually changed the composition of the water in the cyUnders

until it showed that practically all of the original seepage water had been

reabsorbed by the peat. This showed that there was no apparent diffusion

from bog to cylinder, and there must be actual movement of water from

the bog to cause any loss to the bog of its soluble matter.

The permanent losses of fertility are limited to the seepage water which

actuall}^ flows away from the ditches into the main drain or stream passing

through a bog. They cannot be avoided; but there is no evidence that

the small additions of chemicals in the late sprhig increase the losses any.

The amount of water required for irrigation was determined in both

years by measuring the quantities added from time to time to the small

cylinders. These cylinders were kept covered with galvanized iron caps,

so that evaporation and rainfall would affect only the surface of the bogs.

Water was added on seven different dates in the sunmier of 1912, begin-

ning with July 3 and ending on August 16. In 1913 there were eleven

different dates, beginning with June 19 and ending on August 28.

The total amount added in 1912 was 13.75 gallons per bog, equivalent

to a depth of 7 inches over the surface, while in the yet drier season of 1913,

23.75 gallons were required per bog, or a depth of 12 inches.
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During 1912 it was noticeable that some bogs evaporated much more

rapidly than others; but the actual differences were not determined. In

the fall, before putting on the sheet-iron rims, it was necessary to cut off

the vines which extended over the wall of the tile, and also to cut out some

of the surplus gro\vth within the bog area. These prunings were dried

and weighed, and were found to vary much. There also appeared to be

some relationship between the weight of prunings and the rate of water

movement in the bogs, which was to be expected, since transpiration should

increase with the development of the vines.

Therefore in 1913 a careful record was kept of the amounts of water

removed from individual bogs as drainage water in the spring and the

quantities of irrigation water added during the summer. The results,

together with the weight of vines removed the pre^dous fall, are given in

Table 3, as follows :
—

Table 3. — Relation bet
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growth above the average, the drainage from the bogs in the spring was

above the average, and in 10 cases the irrigation was high also. On the

other hand, bogs lA, IB and llA, in which the water movement was

notably slow, yielded the smallest weights of vines when pruned.

In a large proportion of the bogs the growth of vines appeared to be

related to the freedom with which the soil permitted the water to move
from bog to drain and back again. Not only was more water evaporated

during the summer, but these bogs permitted rapid percolation or seepage

in the spring into the small cylinders. The bogs with small vine growth

were slow to drain in the spring, and much of the water evaporated from

the surface of the bog instead of seeping into the drainage cyhnder.

In conclusion our observations show that the principal losses of fertility

are in the seepage water which may escape from the ditches, and that the

vine growth is more influenced by the free movement of water than by

fertilizers.

The assistance of Mr. R. W. Ruprecht in measuring the water, and of

Mr. R. L. Coffin in pruning and weighing the vines, is gratefully acknowl-

edged.



THE DETERMINATION OF ACETYL NUMBER/

EDW. B. HOLLAND,

Introduction.

The various hj'droxy compounds that occur in oils, fats and waxes

form derivatives on heating with acetic anhydride, the acetyl radical dis-

placing the hydrogen of the alcoholic hydroxyl groups. This property

serves as the basis of analytical methods for the quantitative determina-

tion of these compounds. The proposed acetyl number indicates the

milhgrams of potassium hydroxide required for the saponification of the

acetyl assimilated by one gram of an oil, fat or wax on acetylation.^ On
saponifying with alcohoUc potash the acetyl is hydrolyzed to acetic acid

and combines with the alkali to form potassium acetate. The results

are expressed in terms of milligrams of potassium hydroxide to conform

v\ath the general practice in fat analysis. The compounds involved are

monohydroxy and dihydroxy acids and their glycerides, — monoglycer-

ides and diglycerides and free alcohols.

Use of the Test.

In the examination of oils and fats a determination of acetyl number is

necessary, in most instances, for a thorough understanding of the nature

and quality of the product. Some of the hydroxy compounds are natural

and others are the result of hydrolysis or of oxidation. Glycerides of

hydroxy acids are a natural constituent of certain oils and fats, although

they do not appear to be very widely distributed in any considerable

amount. Castor oil, composed largely of ricinolein, is a notable illus-

tration. Hydroxy acids probably occur more frequently as the result of

oxidation of unsaturated acids. Oleic acid has been shown repeatedly to

be comparativeh^ unstable. By the assimilation of oxygen and water it

may be converted into dihydroxystearic acid, a saturated compound.

C17H33COOH + H2O +0 = Ci7H33(OH)2COOH.

Whether the oxidation takes place in the glycerides or in the fatty

acids after hydrolysis is uncertain, although the latter appears the more
probable supposition.

Monoglycerides and diglycerides result from the hydrolysis of tri-

glycerides, and free fatty acids condition their presence. The absence of

' The writer is pleased to acknowledge many suggestions and helpful criticisms by Dr. J. S.

Chamberlain, Mr. F. W. Morse, Mr. J. C. Reed and Mr. J. P. Buckley.
2 Benedikt and Ulzer, and Lewkowitsch report on the basis of the acetylated product.
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free fatty acids in a commercial product, however, does not necessarily

preclude the presence of monoglycerides and diglycerides.

Solid alcohols of the cycUc series (sterols) occur in oils and fats both in

combination as esters and as free alcohols.^ The amount of cholesterol

or phytosterol is generally small, often inappreciable, and is indicated

approximately by the unsaponifiable matter which it characterizes.

Alcohols of the ethane and other series, free and in combination, compose

a considerable proportion of waxes.

Oils and fats, therefore, may contain gh^cerides of monohydroxy and

dihydroxy acids, possibly free hydroxy acids, monoglycerides and di-

glycerides and free alcohols; and the insoluble acids, separated from the

oils and fats, may contain monohydroxy and dihydroxy acids and free

alcohols. A portion, at least, of the free alcohols found in the insoluble

acids probably occurred in the fat as esters. With the exclusion of the

natural glycerides of hydroxy acids and a small amount of free alcohols,

the acetyl number of many oils and fats may be deemed an index of

qualitj^, and when considered in conjunction with the acid and iodine

numbers may serve to measure (more or less imperfectly, to be sure) the

amount of hydrolysis and of oxidation the product has undergone. To
differentiate betw^een products of hydrolysis and of oxidation the acetyl

number of the insoluble acids should also be determined.

Earlier Methods.

The several analytical processes that have been offered are based on

the same chemical reactions, but differ in application and in details of

procedure. The original method was devised by Benedikt and Ulzer^

and applied to the insoluble acids. The acetyl number indicated the

milligrams of potassium hydroxide required to neutralize the acetic acid

obtained on saponifying one gram of acetylated insoluble fatty acids,

and was determined by the difference between the acid and saponification

numbers of the acetylated acids (acetyl ether number). The actual pro-

cedure consisted in saponifjdng the acetylated acids after neutralizing

in alcohol. Lewkowitsch^ has shown, however, that the results so ob-

tained were generally in excess of the true values, due to the conversion

of a part of the fatty acids on heating with a large excess of acetic an-

hj'dride into their anhydrides, as illustrated by the following equation: —
2 RCOOH -1- (CH.C0)20 = (RCOoO +2 CH3COOH
fatty acid acetic anhydride of acetic acid

anhydride fatty acid

These fatty anhydrides are fairly stable compounds, but may become

hydrolyzed to some extent on washing with boiling water. Subsequent

treatment with cold alcohol in the determination of the acetyl acid

» See numerous references: Abderhalden, Physiological Chemistry (1908); Hammarsten, Physi-

ological Chemistry (1911); Loathes, The Fats (1910).

: Monatsh. Chcm., 8, pp. 41^8 (1887).

3 Analysis of Oils, Fats and Waxes, 1, pp. 344, 345 (1909).
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number will continue the hydrolysis, although a portion is likely to re-

main unchanged, thereby yielding too low an acid number, due to the

inability of the anhydrides to combine with alkali. As complete hy-

drolj^sis occurs on saponification, the acetyl (ether) number would be

too high and even appear when none exists.

Lewkowitsch^ proposed the acetylation of the natural product. In

conformity thereto the acetyl number indicates the milligrams of potas-

sium hydroxide required for the neutralization of the acetic acid obtained

on saponifying one gram of an acetylated oil, fat or wax. This method

requires the saponification of the acetylated fat and the determination of

the resulting acetic acid by either a filtration or distillation process. The

former process is an adaptation of the regular method for the direct deter-

mination of soluble acids, and the latter process is a modified Reichert-

Meissl test, with repeated distillation of the aqueous solution until the

distillate is free from acids. The presence of natural soluble or volatile

acids necessitates a similar treatment of the unacetylated fat in order to

determine the amount of alkali assimilated by those acids for which

proper corrections.must be made to obtain the true acetyl number. The

occurrence of the lower acids makes the determination a long and tedious

operation.

Proposed Method.

Analytical methods for the examination of oils and fats is a subject

that has been given considerable study by the writer in connection with

feeding experiments and other investigations made at the Massachusetts

Agricultural Experiment Station. During the past few years the deter-

mination of acetyl number has received particular attention with a view

to evolving a process that might be free from the objections cited for the

Benedikt and Ulzer, and Lewkowitsch methods. Believing that this end

has been attained in some measure, a report of progress is now offered

in the hope that it may lead to further improvement.

The custom of reporting acetyl number on the basis of the acetylated

product appears unwarranted. 'It is contrary to general practice in

analytical work and is the exception in fat analysis. The definition'

here adopted places the acetyl number on a par with other tests, and is

as follows: the acetyl number indicates the milUgrams of potassium

hydroxide required for the saponification of the acetyl assimilated by

one gram of an oil, fat or wax on acetylation.

Method in Detail.

The development of the method extended over a period of several

years, and finally resolved into an adaptation of several well-known proc-

esses. For instance, ceresine is used to solidify the acetylated fat so

that it may be washed by decantation as in the determination of insoluble

1 Loco citato, 1, pp. 337, 338 (1909).

• The hydroxyl value of Twitchell is reported in a similar manner. Jour. Amer. Chem. Society,

29, pp. 566-571 (1907).
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acids. The saponification number of the acetylated fat is detennined by
the same process as that of the original fat, and the difference measures

the amount of acetyl that has been assimilated. The process may be

appropriately described as a method by analogy.

The reagents employed in the determination are summarized so that

their appHcation may be clearly understood :
—

Af-etic anhydride, Kahlbaum's.

Ccrcsine, pure white, filtered.

Alcohol, redistUlod, free from acids and aldehydes.

Alcoholic potash, 50 c.c. of a saturated solution of potassium hydroxide, free frona

carbonate, to 1,000 c.c. of alcohol. The solution should be allowed to stand

at least twenty-four hours and filtered immediately before use.

N/2 hydrochloric acid.

Alkali blue (6B), 1 gram to 100 c.c. of alcohol. The indicator should be digested

in a stoppered bottle for several days at room temperature, with occasional

shaking, and then filtered.

Phenolphthalein, 1 gram to 100 c.c. of alcohol, neutralized.

After what has been said, the details of the method should be so evident

as to require no further explanation.

Into a 300 c.c. Erlenmeyer flask are brought 5 grams of fat, together with 10 c.c.

of acetic anhydride. The flask is connected with a spiral or other form of reflux

condenser and heated in a boiling water bath (immersed in the water) for from

one to one and one-half hours. Longer heating yields higher results, but is accom-

panied by partial decomposition of the fat with formation of aldehydes or other

bodies that give a reddish color with caustic alkali. . After acetylating, the flask

is removed from the bath and sufficient ceresine added to form, with the fat, a

solid disc when chilled in cold water. The amount of ceresine required will vary

with the consistency of the product under examination. For butter fat .4 to .5

grams is ample; for softer fats and oils rather more; and for harder fats, less. The
flask is heated on the water bath and the contents rotated until the ceresine and

acetylated fat form a homogeneous mixture. One hundred and fifty c.c. of boil-

ing water are then poured carefully into the flask with as little disturbance of the

fat layer as possible, and the solution heated on the bath with occasional agitation

to remove occluded acetic acid. The flask is immersed in cold water to solidify

the ceresine-fat, after which the solution is decanted through a dense, ether-ex-

tracted filter, care being taken not to break the insoluble cake. Another 150 c.c.

of boiling water are added, thoroughly agitated, heated as above, cooled and

decanted, the process being repeated until the final filtrate gives a decided color

with two or three drops of NAo alkali, using phenolphthalein as indicator (about

six times). Prolonged washing is likely to cause slight dissociation of the acetylated

product.

The filter and inverted flask containing the cake of ceresine-fat are allowed to

drain in a cool place until practically dry. The small particles adhering to the

filter are then scraped into the flask, and 50 c.c. of alcoholic potash, accurately

measured with a burette, 50 c.c. of alcohol and several glass beads added. The
flask is connected with a spiral or other form of reflux condenser and the solution

boiled on a water bath until saponification is complete, — about sixty minutes.

The flask is placed in a water bath at 60° C. and the solution, after cooling to that

temperature, titrated with N/2 hydrochloric acid, using 1 c.c. of alkali blue as

indicator. Phenolphthalein may be employed, though less satisfactory for colored

solutions. The alcoholic mixture is again brought to boil to free any alkali occluded

in the ceresine, and retitered if necessary. Several blank determinations should
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be run with every series of tests under precisely similar conditions as to time and

treatment, except that the ceresine may be omitted. However, every lot of cere-

sine must be tested, should be free from soluble matter and not assimilate any alkali

on saponification. The difference between the titration of the blank and that of

the excess alkali in the test is the acid equivalent of the fat after acetjdation, which

should be calculated to milligrams of potassium hydroxide for 1 gram of fat.

One c.c. of NA acid is equivalent to 28.05i milligrams of potassium hydroxide.

The difference between the saponification number of the fat before and after

acetylation is the acetyl number. In case the original fat contains free soluble

acids, their titer should be determined and proper correction made for the same.

Limit of error, 0.50 acetyl number.

Synopsis of Reaction.

A better conception of the method may be obtained by a summary of

the reactions :
—

Acetylation of glycerides of monohydroxy and dihydroxy acids, monoglycerides

and diglycerides and free alcohols. (See formulas.)

Saponification of the acetylated product. (See formulas.)

Saponification of the original or unacetylated product.

Titration of excess alkali.

Acetyl number by difference.

Glycerides of Monohydroxy and Dihydroxy Acids.

Acetylation: —
(R . OH . C00).,C3H, +3(CH3CO)20 = (R . OCH.CO . COO).>C:,H,-, +3 CH3COOH

triglyceride of acetic acetylated acetic

monohydroxy acid anhydride glyceride acid

Example: Ricinolein (CkHh-. . OH . C00)3C:-,H.t

Saponification :
—

(R . OCH3CO . COO),CUr, +6 KOH
acetylated glyceride alkali

= 3 R . OH . COOK +3 CH3COOK +C3H5(OH)3
potassium potassium glycerol

salt of hydroxy acid acetate

[R(OH)2COO]3CH. + (CH3CO)oO = [R(OCH3CO)2COO]3C3Hi +H2O
triglyceride of acetylated glyceride
dihydroxy acid

Exaviple: Dihydroxystearin [C,7H33(OH).COO]3C3H,^

[R(OCH3CO)2COO]3C3Hr, +9 KOH= 3 R(0H)2C00K +6 CH3COOK +C3H5(OH) ,

Monoglycerides and Diglycerides.

i)o +(CH3CO)20 = (RCOO) (CH3C
diaceto-gly(

(RCOO)(CH3COO)2C3H:,+3 K0H = RC00K+2 CH3COOK+C3H-,(OH);;

(RC00)C3H.-,(0H)o + (CH3CO)20 = (RCOO) (CH3COO)2C3H5 +H2O
monoglyceride diaceto-glyceride

(RCOO)2C3H-,(OH)+(CH3CO)20 = (RCOO)2(CH3COO)C3H.+CH3COOH
diglyceride monaceto-glyceride

(RCOO)2(CH3COO)C3H.3+3 KOH = 2 RCOOK+CH3COOK+C3H.-.(OH)3
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Examples:

Free Alcohols.

ROH + (CH.,CO)20 = CHaCOOR+CH3COOH
monobasic acetate
alcohol of alcohol

CH3COOR +KOH = ROH +CH3COOK
Cholesterol, phytosterol, C2-H430H

Considerable variation is possible in writing the above formulas which,

at best, poorly express the structure. In some instances the reaction is

indicated at some sacrifice of form.

Calculated Data from the Acetyl Number.

The acetyl number (c) serves to measure the amount of hydroxy com-

pounds in an oil, fat or wax; and in case only one such compound of

known molecular weight (m) and number of hydroxyls (d) is present,

its amount (H) can be readily calculated by the following formula: —

H =
56108 d

The derivation of the formula is comparativeh^ simple. The theoreti-

cal acetyl number of a compound containing (d) hydroxyl groups is —
56108 d

ni

The amount of such a compound in an oil, fat or wax is, therefore —
c _ cm

56108 d 56108 d

The same results may be calculated more easily from the following table,

dividing the determined acetyl number by the theoretical acetyl number,

or multiplying by its reciprocal :
—

•

Acetyl Number on Original Product {Massachusetts Method).

Glycerides.

Name.
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Acetyl Number on Original Product {Massachusetts Method) — Con.

Diglyccrides.

Name. Formula. Molecular
Weight.

Saponifi-
cation

Number.

Theoret-
ical

AcetV'l
Number.

Recip-
rocal.

Dipalmitin,
Distearin,

Diolein, .

(Ci5H,,iCOO)2C.!H5(OH),
(Ci-H3.^COO)2C3Hr,(OH),
(Ci7H33COO)2C,.H5(OH),

568.544
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The amount (H) of such a compound in an oil, fat or wax is therefore —
H =

,

im

42.016 d

Molecular Weight of Hydroxy Compounds.

The molecular weight of the hydroxy compounds can be calculated

from the weight (w) of fat taken and the increase (i) on acetylating, pro-

vided the number (d) of hydroxyls in the molecule is known: —
w : w+i =m : m +42.01 G d

_ 42.016 dw
i

The formation of anhydrides during the acetylating process will affect

the accuracy of these calculations.

The computation of the amount of hydroxy compounds by the gravi-

metric process is greatly facilitated by use of the following table: —

Acetyl Gravimetric Process on Original Product.

Glycerides.

N.\ME.
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Acetyl Number of Insoluble Fatty Acids.

The acetyl number of the insoluble fatty acids is determined by the

Massachusetts method in precisely the same way as that of the original

fat. The gravimetric process is not applicable on account of the forma-

tion of anhydrides of the fatty acids. The method for preparing the stock

of insoluble acids for analysis is the same as that for the determination of

"Insoluble Acids," with the elimination of such features as are necessary

only for quantitative work.

In order to interpret the results satisfactorily it is necessary to know
the percentage of insoluble acids so that the acetyl number of the acids

may be considered in conjunction with the acetyl number of the fat.

Results by Different Methods.

For convenience, the theoretical acetyl numbers of some hydroxy com-
pounds by the Benedikt and Ulzer, and Lewkowitsch methods are tabu-

lated to permit comparison with the acetyl numbers by the Massachu-

setts and gravimetric processes previously stated. When only one

hydroxy compound of known composition is present in an oil or fat the

results can be readily converted from the basis of the original to that of

the acetylated product and vice versa. In other cases conversion is gen-

erally impracticable on account of the marked differences in assimilation

of acetyl by the several classes of hydroxy compounds. Formulas may
show the relation, however, that the results by different methods bear

to each other, (m) indicating the molecular weight of the hydroxy com-
pound, (d) the number of hydroxyIs, and (i) the increase in weight on

acetylating: —

Massachusetts Method.

cm
56108 d

Gravimetric Method.

im

42.016 d

Benedikt and Ulzer, and Lewkowitsch Methods.

c(m + 42.016 d)

56108 d
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Acetyl Number on Acetylated Product. {Benedikt and Ulzer, and Lew-

kowitsch Methods.)

Glycerides.



THE DIGESTIBILITY OF CATTLE FOODS.

BY J. B. LINDSEY AND P. H. SMITH.

Foreword.

The digestion experiments herein reported were made during

the autumn, winter and early spring of 1910-11, 1911-12,

1912-13 and also, "two experiments, in the autumn of 1913.

They form part of what are known as Series XVI., XVIL,
XVIII. and XIX. The experiments made in these series and

not here included have either been published in previous reports

or will be found in later publications.

The usual method was employed and has been fully described

elsewhere.^ The full data are here presented, with the excep-

tion of the daily production of manure and the daily water con-

sumption, in which cases, to economize space, averages only are

given. The periods extended over fourteen days, the first seven

of which were preliminary, collection of feces being made during

the last seven. Ten grams of salt were given each sheep' daily

with water ad libitum. The sheep used in these experiments

were grade Shropshires of substantially uniform weight, born in

1907.

1. Series XVI.

The hay used in connection with this series consisted of fine

mixed grasses, and contained a large proportion of June grass

{Poa yratensis). The digestion coefficients of this hay, as ob-

tained in Period I., were applied to the two experiments on

beet pulp which follow :
—

1 Eleventh report of the Mass. State Agr. Exp. Sta., pp. 146-149; also the 22d report of the

Mass. Agr. Exp. Sta., p. 84.
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Comjiosition of Feedstuffs (Per Cent.).

[Dry Matter.]

Feeds.
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Average Daily Amount of Manure excreted and Water drunk (Grams).

Sheep I.

Period.
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English Hay, Period I

Sheep II.

Concluded.
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Dried Beet Pulp, Period III.

Sheep I.
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Composition of Feedstuffs {Per Cent.).

[Dry Matter.)

Period. Feeds. Ash.
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Composition of Feces {Per Cent.)

Sheep V.

Concluded.

Period.
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Dry Matter Determinations made at the Time of weighing out the Different

Foods, and Dry Matter in Air-dry Feces {Per Cent.) — Concluded.

Sheep V.

Period.
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Average Daily Amount of Manure excreted and Water drunk (Grams)

— Concluded.

Sheep V.

Period. Character of Food or Ration.
Manure
excreted
Daily.

One-tenth
Manure
Air-dry.

Water
drunk
Daily.

I.

III.

IV.

VI.

VII.

VIII.

X.

English hay,

Cottonseed feed meal, Creamo brand, .

Wheat screenings

Flax ahives,

Cocoanut meal,

English hay,

Wheat screenings,

Sheep VI.

English hay

Cocoanut meal, . . . . .

Cottonseed feed meal, Creamo brand, .

Wheat screenings, . . . . .

Flax shives,

Cocoanut meal,

English hay,

Wheat screenings,

559

554

586

752

580

583

739

29.30

29.08

29.55

35.84

27.13

27.93

26.85

971

1,493

951

1,691

1,839

1,902

2,202

I.

II.

III.

IV.

VI.

VII.

VIII.

X.

554

498

570

583

685

556

536

662

28.07

25.50

29.40

28.95

34.67

26.31

26.97

26.09

1,474

1,403

2,011

2,165

2,806

3,141

3,289

3,494

Weights of Animals for Two Days at Beginning and Two Days at the End

of Period (Pouiids).

Sheep I.

Period. Chah.\cter op Food or Ration.

IX. Cocoa shells.

Beginning.

First
Weight.

146.50

Second
Weight.

144.00

End.

First
Weight.

142.50

Second
Weight.

142.50

Sheep IT.



88 MASS. EXPERIMENT STATION BULLETIN 152.

Weights of Animals for Two Days at Beginning and Two Days at the End
of Period {Pounds) — Concluded.

Sheep IV.
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English Hay, Period I — Coucluded.

Sheep VI.
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Cottonseed Feed Meal, Creamo Brand, Period III

Sheep VI.

Concluded.
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Dried Beet Pulp, Period V.

Sheep III.

"
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Flax Shives, Period VI— Concluded.

Sheep VI.
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English Hay, Period VIII.

Sheep V.
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Wheat Screenings, Period X.

Sheep V.
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Composition of Feedstuffs (Per Cent.).

IDry Matter.]
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Composition of Feces (Per Cent.)

IDry Matter.)

Sheep II.

Concluded.

Period.
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Dry Matter Determinations made at the Time of weighing ovt the Different

Foods, and Dry Matter in Air-dry Feces {Per Cent.) — Concluded.

Sheep II.

Period.
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Average Daily Amount of Manure excreted and Water drunk (Grams)

— Concluded.

Sheep V.

Period. Character of Food or Ration.
Manure One-tenth
excreted Manure
Daily. Air-dry.

Water
drunk
Daily.

IX.

XI.

XIII.

XIV.

CXX Feed, Postum Cereal refuse,

Molassine meal,

Mellen's Food refuse, . . . .

Brook Farm hay, . . . . .

Sheep VI.

CXX Feed, Postum Cereal refuse,

Molassine meal

Mellen's Food refuse

827

549

778

752

31.68

24.20

29.72

30.95

1,696

1,848

2,238

3,051

IX.

XI.

XIII.

772

684

33.02

26.88

31.26

2,915

3,351

3,801

Weights of Animals for Two Days at Beginning and Two Days at the End

of Period (Pounds).

Sheep I.
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Weights of Animals for Two Days at Beginning and Two Days at the End of

Period (Pounds) — Concluded.

Sheep V.
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English Hay, Corn Meal, Period II.

Sheep I.
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CXX Feed, Postum Cereal Refuse, Period IX.

Sheep V.
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Gloucester Fish Meal, Period X— Concluded.

Sheep II.
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Wilcox Fish Guano, Period XII.

Sheep I.
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Mellen's Food Refuse, Period XIII — Concluded.

Sheep VI.



THE DIGESTIBILITY OF CATTLE FOODS. 105

4. Series XIX.

Digestion Coefficients of Basal Ration used in this Series.

Dry matter,

Ash, . . . .

Protein,

Fiber, . . . .

Nitrogen-free extract.

Fat

English Hay
and

Gluten Feed.

Composition of Feedstuffs {Per Cent.).

[Dry Matter.]

Period.
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Dry Matter Determinations made at the Time of weighing out the Different

Foods, and Dry Matter in Air-dry Feces {Per Cent.).

Sheep V.

Period.
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Molassiiie Meal, Period I.

Sheep V.
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5. Discussion of Results.

Owing to the fact that a number of the tests were repeated

in a series following, the coeflBcients secured for each feed in the

several series are brought together and discussed below.

English Hay.

But two different lots of hay were used in all of these experi-

ments. It consisted of mixed grasses with June grass {Poa

pratensis) predominating; cut while in blossom, well cured and

in good condition. Before feeding it was cut fine by running it

through a feed cutter, and thoroughly mixed to insure uni-

formity through the entire lot.

Summary of Coefficients, English Hay, Series XVI., Period I.; Series

XVII., Periods I. and VIII.; Series XVIII., Period I.
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Dried Beet Pulp and Molasses Dried Beet Pulp.

Both of these products are the dried residue from the manu-

facture of sugar from the sugar beet. Molasses dried beet pulp

differs from the plain dried beet pulp in containing a con-

siderable proportion of the residual molasses, probably about 25

per cent. The first-named product is noticeably darker in

color.

Summnnj of Coeficients, Dried Beet Pulp, Series XVI., Period III.

Serieff X] II., Period ]'.
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be more accurate. The digestibility of the ash in the plain

pulp is uncertain, due, partly at least, to the small amount

present. There being only about Yi per cent, of ether extract

(fat) in beet pulp, it is not possible to secure digestion coef-

ficients for that ingredient. From the variations noted in the

digestibility of the different ingredients it is evident that the

several sheep differed in their ability to make use of the

different nutrients.

Cocoamd Meal.

This product is the residue from the manufacture of cocoanut

oil, and is used largely in European countries. It contains

about 20 per cent, of protein and 8 to 10 per cent, of fat and

some 9 to 10 per cent, of fiber. The sample used was pur-

chased from the Edible Oils Company of New York.

Summary of Coefficients, Cocoanut Meal,



THE DIGESTIBILITY OF CATTLE FOODS. Ill

Cottonseed Feed Meal, Creamo Brand.

This product consists of a mixture of higli-grade cottonseed

meal and cottonseed hull bran, the latter being the cottonseed

hull from which the lint has been removed.

Summary of Coefficients, Cottonseed Feed Meal, Creamo Brand, Series

XVII., Period III.

Sheep.
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ings. The two lots used in the present experiments were quite

similar in appearance and chemical composition, and were free

from an excessive amount of straw and chaff. In the first

sample the following seeds and ingredients were identified:

light oats, oat hulls, wheat, wheat refuse, smutted grain, yellow

foxtail, green foxtail, corn cockle, bindweed, flax, lady's-thumb,

charlock, wild mustard, rape, lamb's-quarters, large smartweed,

chaff of various sorts, wild sunflower, pigweed, timothy,

shepherd's-purse, chess, oat grass, wild oats, rye and corn, to-

gether with a few unidentified seeds. Screenings are found in

the eastern markets principally as an ingredient of molasses

feeds. Both lots were coarsely ground before feeding.

Summary of Coefficients, Wheat Screenings, Series XVII. , Period IV
{Lot /.).
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contain a high ash content, but the small amount digested

shows it to be of comparatively little value.

The experiment indicates that screenings, when finely ground

and reasonably free from dirt, chaff and noxious seeds, possess

considerable nutritive value. It is likely to be found primarily

in the protein and extract matter of the screenings.

Flax Skives.

Plax shives, sometimes incorrectly called flax bran, consists

of the ground refuse stalks and pods of the flax plant. It is

found on the market as a component of some molasses and stock

feeds.

Summary of Coefficients, Flax Shives, Series XVII., Period VI.
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Suynmary of Coefficients, Cocoa Shells, Series XVII., Period IX.
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The experiment shows this particular lot of hay to compare

favorably with all previous trials of mixed hay composed of

similar grasses.

CXX Feed.

This feed is a product from the Postum Cereal Company's

works, and is probably the residue from the manufacture of

Instant Postum, prepared by roasting a mixture of wheat,

wheat bran and molasses.

Sian
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Summary of Coefficients, Gloucester Fish Meal, Series XVIII., Period X.
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It is intended to repeat these experiments, using a basal

ration with a narrower ratio.

The two samples of fish were composed of approximately 20

per cent, ash, from 60 to 70 per cent, protein, and 3 and 10

per cent, fat, respectively. Its chief value, from a nutritive

standpoint, consists in the amount of digestible protein and fat.

In view of the prices usually prevailing for fish, it is doubtful

if it would prove particularly economical as a food for animals

in place of nitrogenous concentrates of vegetable origin.

Molassine Meal.

This is an English product now being extensively sold in

^Massachusetts. It is composed of from 25 to 30 per cent, of

sphagnum moss and from 70 to 75 per cent, of cane or beet

molasses. The moss, according to the manufacturers, comes

from the upper layers of large bogs in Yorkshire, Eng. Such

material, as time passes, decays and forms peat. A sample of

the dried sphagnum moss was found to analyze as follows :
—

Per Cent.

Water, 11.45

Protein, 2.72

Fat, 1.18

Nitrogen-free extract, 43 . 82

Fiber, 39.74
Ash, 1.09

It is doubtful if the moss has any particular nutritive prop-

erties;^ hence, the nutritive value of the feed consists in the

amount of molasses present. The larger part of the crude

protein found in Molassine meal exists in the form of amids.

• Kellner and Pfeiffer have shown that peat is without nutritive value.



lis MASS. EXPERIMENT STATION BULLETIN 152.

Summary of Coefficients, Molassine Meal, Series AT///., Periods XL and

XIV.; Series XIX., Period I.

Sheep.
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Mellen's Food refuse shows a total digestibility only of about

51 per cent,, which is lower than would be obtained for any

of the ingredients used in the manufacture of the food. This

is due, no doubt, to the fact that the more digestible parts are

to be found in the food itself.

Complete Summarij of All Coefficients {Per Cent.).

Food.
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Complete Summary of All Coefficients (Per Cent.) — Concluded.

Food.



A SUMMARY OF METEOROLOGICAL RECORDS.

Location and Equipment.

The meteorological observatory is located in the tower at the

southeast corner of South College, at an elevation of about 50

feet above the ground. It was equipped with a number of

Draper self-recording instruments, and the records date from

Jan. 1, 1889. The location is on a gravel ridge with an open

exposure to the north, west and southwest, with slightly higher

ground about a mile to the south and a ridge considerably

higher about half a mile to the east.

The top of the tower is 72 feet above the ground, and the ex-

posure is good in all directions. The anemometer, anemoscope,

wind-pressure instrument and electrical sunshine recorder are

mounted from 3 to 5 feet above the top of the tower, and the

recording apparatus is in the room below. The thermometer

shelter and rain gauges are on the campus about 300 feet

southwest from the tower and on slightly lower ground.

The observatory is in latitude 42° 23' 48.5" N., longitude

72° 31' 10" W., and the base of the tower is 223 feet above

mean low water, Boston harbor, as determined by levels con-

necting with those of the Boston & Maine Railroad. The

standard barometer is of United States Weather Bureau pattern,

reading to ^/ooo of an inch, and the cistern is 2733^ feet above

sea level. The Draper self-recording barometer is mounted 1

foot higher.

The sunshine recorder of the Draper pattern was replaced by

an electrical one from Friez in 1906, and the Draper anemom-

eter by one of United States Weather Bureau pattern at about

the same time. These records are received on a triple register,

which also records the rainfall. The rain gauges are about 2

feet above ground and 218 feet above sea level. A United

States Weather Bureau gauge is used in determining the pre-
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cipitation, and the tipping bucket electrical recording gauge in

determining the time and rate.

The Draper self-registering thermometer, Weather Bureau

pattern, maximum and minimum thermometers and hygrom-

eter are in a standard shelter about 4 feet above ground and

220 feet above sea level.

On Jan. 1, 1904, the time of making observations was changed

from 7 A.M., 2 p.m. and 9 p.m. to 8 a.m. and 8 p.m., so as to

conform with the practice of the United States Weather

Bureau. This change should be noted in comparing the dew

point and relative humidity before and after that date. Other

data are probably not affected by the change.
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Mean Barometer.

[Readings are reduced to freezing and sea level.]

Year.
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Range of Barometer {in Inches)

.

Year.
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Maximum Barometer.

Year.
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Minimum Barometer.

Year.
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Mean Hourly Temperature.

Yeak.
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Range of Temperature {in Degrees F.).

Year.
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Maximum Temperatures {in Degrees F.).

Year.
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Minimum Teinperatures {in Degrees F.).

Year.

pc< 02

s3

—2.0

—6.5

—6.0

—9.5

—13.0

17.0

10.0

14.0

—11.0

—19.0

—21.5

8.0

—10.5

15.0

12.0

26.0

—13.0

7.5

—23.5

—12.0

—8.5

—9.0

—3.0

-19.0

-4.5

—12.0

1889,

1890,

1891,

1892,

1893,

1894,

1895,

1896,

1897,

1898,

1899,

1900,

1901,

1902,

1903,

1904,

1905,

1906,

1907,

1908,

1909,

1910,

1911,

1912,

1913,

Mean,

8.0

4.5

—0.4

—9.5

-13.0

1.0

—4.5

—12.0

0.0

—15.5

—21.5

—4.5

—8.0

—0.5

—12.0

—26.0

—13.0

3.5

—23.5

—5.5

—7.0

—9.0

1.5

—19.0

11.0

—7.0

—2.0

3.0

—6.0

—7.0

—4.5

—17.0

10.0

—14.0

—11.0

—19.0

-10.0

—8.0

—4.5

5.0

—11.0

—8.0

-11.0

—5.0

—18.5

—12.0

—3.0

—7.0

—3.0

—16.5

—4.5

—8.2

21.0

—6.5

—1.0

6.0

4.0

17.0

5.0

5.0

—1.5

14.5

10,0

3.0

-0.5

16.5

19.0

—3.0

1.0

—7.5

5.5

5.0

13.0

12.5

2.5

1.0

1.0

5.7

32.0

22.0

18.0

20.5

19.0

16.0

25.0

21.0

20.5

17.0

21.0

21.0

28.0

25.5

22.0

20.0

22.0

21.0

20.5

18.0

19.0

24.0

18.0

24.0

22.5

21.5

38.0

31.5

25.0

28.0

30.0

29,0

29.5

32.0

31.5

32.5

33.0

24.0

31.5

30.0

24.5

37.0

32.0

31.5

25.0

33.5

32.5

31.0

27.0

32.5

30.5

30.5

46.0

40.5

34.0

41.0

41.5

37.5

44.0

39.0

38.0

39.5

42.0

40.0

41.0

40.0

38.0

44.0

36.0

37.0

38.0

36.0

40.0

35.0

44.5

36.0

37.0

39.4

34.0

40.0

41.5

42.0

41.0

48.0

46.0

50.0

55.0

40.0

43.0

44.5

48.5

45.0

44.5

46.5

46.0

45.0

44.0

46.0

42.0

48.5

49.0

41.0

41.0

45.3

45.0

41.5

45.0

50.0

39.0

37.0

38.0

42.0

42.0

44.5

41.0

43.0

53.0

43.0

42.5

40.0

41.5

47.5

41.0

37.0

38.0

41.0

44.5

39.0

41.0

42.3

40.0

28.5

36.0

31.0

30.0

35.0

33.0

31.0

32.0

34.5

32.5

35.5

33.0

35.0

30.5

26.0

32.0

31.5

36.0

33.0

35.0

34.0

29.0

35.0

31.0

32.

26.0

26.0

20.0

23.0

23.0

32.0

20.0

23.0

20.5

27.0

20.5

22.0

24.0

22.5

22.5

18.0

21.5

24.0

20.5

23.0

24.0

19.0

24.0

26.5

24.5

23.1

20.0

11.5

3.5

14.0

11.0

10.0

15.0

15.0

5.0

6.0

17.5

12.0

6.0

17.5

6.0

7.5

11.0

18.5

19.5

18.5

18.5

15.0

18.5

18.5

23.0

13.5

5.5

—5.0

9.0

—1.0

-12.0

-4.0

—3.0

—9.5

—3.5

-12.0

2.0

0.5

-10.5

-15.0

—9.5

—3.5

3.0

—3.0

10.0

2,0

—8.5

—2.0

10,0

3.0

5.0|

—2,9
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Mean Dew Point {in Degrees F.)-

Year.
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Mean Relative Humidity.

Yeae.
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Mean Per Cent, of Cloudiness from Trl-daily or Semi-daily Observations.

Year.
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Precipitation {in Inches).

Year.
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Wind Movement {in Miles).

Yeab.
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Maximum Wind Pressure (in Pounds per Square Foot).

Year.
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Maximum Velocity of Wind {in Miles per Hour).

Year.
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Summary for the T^\^enty-five Years 1889-1913, inclusi\t:.

Barometer (Pressure in Inches).

Maximum reduced to freezing, Feb. 26, 1889, 11 a.m., . . 30.650

Minimum reduced to freezing, Feb. 8, 1895, 7 a.m., . . . 28.240

Maximum reduced to freezing and sea level, Feb. 26, 1889,

11 A.M., 30.970

Minimum reduced to freezing and sea level, Jan. 3, 1913, 7 a.m., 28.550

Mean, 30.012

Total range, 2.420

Greatest amiual range, 1913, 2.330

Least annual range, 1905, 1 . 640

Mean annual range, 1 . 890

Greatest monthly range, January, 1913, 2 . 180

Least monthly range, August, 1894, .440

Mean monthly range, 1 . 100

Air Temperature (in Degrees F.).

Highest, July 4, 1911, 3.30 P.M., 104.0

Lowest, Jan. 5, 1904, 7.30 A.M., -26.0

Mean, 47.5

Total range, 130.0

Greatest annual range, 1904, 120.5

Least annual range, 1906, 98.5

Mean annual range, 107.6

Greatest montlily range, Januar.v, 1907, 78.0

Least montlily range, August, 1901, 33.5

Mean monthly range, 54.6

Greatest daily range, Dec. 10, 1902, 54.0

Least daily range, Jime 2, 1907, 2.0

Humidity.

Mean dew point, 39 .

Mean relative humidity, 74 .

6

Precipitation {in Inches).

Total rain or melted snow, 1,093.91

Total snowfaU, 1,190.70

Greatest annual precipitation, 1897, 57.05

Least annual precipitation, 1908, 30.68

Mean annual precipitation, 43 . 76

Greatest montlily precipitation, July, 1897, 14.51

Least monthly precipitation, August, 1894, ..... .31

Mean montlily precipitation, 3 . 65
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Wind (in Miles).

Total movement, 1,320,668

Greatest annual movement, 1908, 63,571

Least annual movement, 1894, 36,257

Mean annual movement, 52,827

Greatest monthly movement, April, 1908, 8,208

Least monthly movement, Jul}', 1894, 1,109

Mean montlily movement, 4,402

Greatest daily movement, April 8, 1909, 705

Least daily movement, Sept. 29, 1894, March 7, 1890, Jan. 6,

1904,

Mean daily movement, 145

Maximum pressure per square foot, 43 pounds, = 93 miles per

hour, Sept. 11, 1895, 3 p.m.

Weather.

Mean cloudiness observed, per cent., 52.2

Total cloudiness by the sun thermometer, per cent., . . . 48.3

Number of clear days, 2,766

Number of fair days, 3,073

Number of cloudy days, 3,291

Gales of 75 or more miles per hour: 1889, Dec. 26, 76, N.W.; 1893,

Aug. 29, 87, S.W.; 1895, Sept. 11, 93, N.E.; 1898, Sept. 7, 78, S.W.;

Dec. 4, 75, E.S.E.; 1900, Feb. 22, 78, W.N.W.; 1907, July 20, 81, W.;

1908, April 11, 80, N.N.W.; 1911, Dec. 28, 79, W.N.W.

The following summary was abstracted from meteorological

records taken in Amherst prior to the establishment of the

meteorological observatory at the college in 1889.

The records from 1836 to 1883 are from the observations of

the late Prof. E. S. Snell of Amherst College. These records

were taken at his house, about one and a half miles south of

the location of the meteorological observatory at the Massa-

chusetts Agricultural College, and at practically the same ele-

vation above sea level.

The precipitation records are believed to be fairly comparable

with the records of this station, although perhaps slightly

affected by the difference of topography surrounding the two

places. As Professor Snell changed his time of taking tem-

peratures, and used different methods of deducing the mean

temperatures in conformity with the current practices at dif-
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ferent dates, the comparison with those of this station should

be made with more caution. The maximum and minimum

temperatures of the earlier years were not all taken with self-

registering instruments, and this fact should be taken into con-

sideration when comparisons are made.

The records from 1883 to 1889 were taken at the State

Experiment Station, on the college grounds, under the direction

of Dr. C. A. Goe'ssmann, at that time the director of the State

Agricultural Experiment Station, and are fairly comparable with

the records of this station.

Mean temperature for seventy-seven years :
—

47.5X25+46.7X52 ^^^Q^
77

^

Mean precipitation for seventy-eight years :
—

44.36X53+ 43.76X25 ^ ^^,^ .^^^^^^
78
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Record of the Rainfall in Inches from 1836 to 1888, inclusive.
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Record of the Mean Temperature from 1837 to 1838, inclusive.

Year.
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Record of the Maximum Temperature from 1838 to 1888, inclusive.

Year.
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Record of the Minimum Temperature from 1S3S to ISSS, viclusive.

Year.
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Since the methods of producing this crop, and the conditions

under which it promises to be successful are not yet generally

understood, it is the plan to present in this paper first, a brief

general discussion of the characteristics and value of the crop;

second, the results of the most recent experiments on the sta-

tion grounds; third, results obtained by farmers v\ho have

been growing the crop in co-operation with the station; and

fourth, brief general directions based upon long-continued ex-

periments for starting and managing the crop.

Characteristics and Value of Alfalfa.

Alfalfa is an exceptionally deep-rooted legume, and under

the best conditions it is long lived. Like other legumes it

has the capacity, under the right conditions, of assimilating

nitrogen from the atmosphere, but until the root system and

the nodules which it bears are well developed its growth is greatly

promoted by the presence of readily assimilable nitrogen in the

soil. It is without doubt one of the most valuable forage

plants known to man. It has long been cultivated in various

parts of Asia and Europe, whence it was brought to Mexico

by the Spaniards, who took it with them to California and the

semi-arid portions of our southwestern States. During the past

fifteen or twenty years its culture has been steadily pushed

eastward, and it is now successfully grown in most parts of

the United States and in a few parts of Canada. In many
essentials and in feeding value alfalfa resembles the clovers;

and as these are so generally known its characteristics will be

perhaps best brought out by comparison.
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Alfalfa compared with Clovers.

Longer Lived. — Alfalfa is a perennial, while individual plants

of the red and alsike clovers, as a rule, live but two years. In

regions without excessive rainfall, and in soils richly stocked

with lime and thoroughly well drained, a stand of alfalfa is

more permanent than a stand of clover under conditions ex-

isting in Massachusetts, but in this connection it is important

to recognize two facts :
—

1. That alfalfa in our soils and in our climate is much less

permanent than in the west.^ Experience everywhere indicates

that the probability is that alfalfa will be gradually crowded

out here by perennial grasses and clovers, most prominent

among which are the Kentucky blue grass and white clover.

2. That it is possible to retain red and alsike clovers in

permanent mowings without reseeding, provided a suitable sys-

tem of top-dressing is followed.

Relative Yield. — Alfalfa grows more rapidly in early spring

than either red or alsike clover, and starts more quickly after

cutting, and accordingly it may usually be counted upon to

give three crops during the season, whereas clover will usually

give but two. The first cut of alfalfa is generally superior

to either of the others. The total yield on good soils is likely

to range from about 3 to 5 tons per acre of well-cured hay

in the three cuttings, while red or alsike clovers on similar

soils are likely to give about one-quarter less total yield in

two cuttings.

Finer Stems. — The stem of the alfalfa plant is relatively

finer than that of the red clover. It accordingly cures more

rapidly and is usually more palatable, and is consumed with

less waste than the coarser red or mammoth clover.

Nutritive I'alue. — It is popularly supposed, and quite gen-

erally stated, that alfalfa is much superior in nutriti\e value

to clovers, but so far as can be determined by chemical analyses

made in this station, and determinations of digestibility which

have been made here in the department of plant and animal

chemistry and in other stations, this does not appear to be the

case.

1 The v\ inter of 1913-14 has proved very destructive (see p. 170).
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Composition of Clover and Alfalfa Hays.

Num-
ber of
Anal-
yses.

Water
(Per

Cent.).

Ash
(Per

Cent.).

Pro-
tein
(Per

Cent.).

Fiber
(Per

Cent.).

Nitro-
gen-free
Extract
(Per

Cent.).

Fat (Per
Cent.).

Alfalfa hay,

Alsike clover hay,

Medium red clover hay.

13.24

15.00

15.00

0.38

9.70

7.70

13.98

14.00

13.30

28.48

23.10

24,.30

34.70

36.10

37.20

1.40

2.10

2.50

Digestible Nutrients and Energy Values.^
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alfalfa under the best conditions excels the clovers. Its roots

penetrate more deeply, and the total crop residue — root and

stubble — is greater.

The Soil for Alfalfa.

Alfalfa will thrive on soils of many different kinds, but

whatever the type it must satisfy certain conditions: —
1. It should have good depth and be rich, especially in the

mineral elements of plant food. Medium loams, inclining

rather to be somewhat heavy than light, will give the best

crops. The soils which contain too large a proportion of clay

retain so much moisture that in open winters the crop,

especially when young, is liable to heave.

2. Stagnant water in the subsoil is highly injurious. In

soils with good capacity to conduct and retain water the

presence of standing water in the subsoil (determined by sink-

ing trial holes) within less than 5 or 6 feet of the surface will

be highly injurious. If the subsoil be free from standing water

to much greater depth it will be a distinct advantage. In the

case of soils of coarser texture, which do not conduct water

freely in large quantities, and which have deficient capacity

to retain water, the water table may be nearer the surface

without disadvantage, but even with such soils it would,

doubtless, be inadvisable to attempt the cultivation of alfalfa

with standing water nearer than -i or 5 feet below the surface.

3. The field must have sufficient surface slope to carry off

water, and there must be no pockets w^hich will retain water.

In fields which are too level, or in pockets, the formation of

ice on the surface is fatal to alfalfa. It is, of course, possible

that in this climate ice may sometimes form on the surface,

even on considerable slopes, but this is a danger which cannot

be avoided, and it is least on slopes.

4. The presence of a hardpan within less than 10 or 12 feet

of the surface, or an excessively compact subsoil, will prove

unfavorable; so, also, will a shallow soil underlaid by rock.

5. The soil must not contain free acid, though if this con-

dition exists at the start it can be corrected by the use of

lime.

6. The richer the soil naturally is in lime the better suited

it is Ukelv to be for alfalfa.
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7. Where sweet clover grows abundantly wild, and where

the beech tree occurs in large numbers, alfalfa will usually do

well. This is because both sweet clover and the beech are

lime-loving plants, and in the case of the sweet clover, more-

over, because the bacteria which give it capacity to assimilate

atmospheric nitrogen are either identical with those essential

for alfalfa or so closely related that they serve the purpose.

Inoculation for alfalfa is, therefore, unnecessary in sections

where sweet clover grows spontaneously in abundance.

Lime Necessary.

Alfalfa, as already stated, is a lime-loving plant. The soils

in many parts of this State are relatively deficient in this

element. In most localities, therefore, an application of lime

is one of the most important steps in the preparation of a

soil for alfalfa. The quantity absolutely necessary will usually

range between 1^ and 2 tons per acre; more will usually be

beneficial. There are a number of different forms of lime

which will serve the purpose. On the heavier soils freshly

slaked lime, commercial hydrated lime or fine-ground quick-

lime will best meet requirements, since these forms of lime

will both improve the mechanical condition and correct acidity.

On the ligliter soils, and especially if deficient in organic matter,

air-slaked lime or fine-ground limestone may be preferable.

The so-called agricultural limes, or waste lime, slaked in heaps

at kilns will meet the requirements in most cases.

Manures or Fertilizers.

Manure. — While maniire helps to give the soils the desired

texture, and increases the proportion of humus, which may be

beneficial, it usually carries weed seeds, and if applied shortly

before seeding increases the difficulty of getting a good catch.

The free use of manure will, moreover, be likely to increase

the competition of grasses with the alfalfa, enabling these in

a measure to gradually crowd the latter out. The application

of manure in preparation for alfalfa is not recommended by
the writer. On the other hand, a free use of manure for crops

which precede alfalfa is desirable, especially on the lighter

and poorer soils.
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Potash. — Alfalfa, in common with clovers and other legumes,

does well only when there is a liberal supply of potash in

available forms in the soil. Potash fertilizers should be freely

used in most cases in preparing for this crop. Potash in the

form of sulphate, in the writer's experiments, appears much

superior to potash applied in the form of muriate.^

Phosphoric Acid. — Although usually relatively less deficient

in our soils as compared with the needs of alfalfa than lime

and potash, it should be applied in some form, and among

the different materials available basic slag meal seems usually

to prove best, no doubt because it contains a large proportion

of lime.

Nitrogen. — A large amount of nitrogen in the soil is not

essential; from some points of view it is undesirable. To give

the crop a good start, a fair amount of this element in avail-

able form in the soil is essential, but beyond that it is un-

necessary and even harmful, — unnecessary because the alfalfa

can draw- nitrogen from the air, and harmful because it

favors the grasses which may dri\e the alfalfa out.

Varieties.

There are a very large number of varieties of alfalfa now

known. Many which may prove valuable have recently been

introduced from Siberia by the South Dakota Experiment

Station, but these are as yet insufficiently tested. There are

but three kinds which deserve attention, known respectively

as the common, the Grimm and the variegated.

Common Alfalfa. — This appears to be simply an unnamed

strain. If from northern-grown seed, especially seed descended

from generations of alfalfa grown in the north, it is fairly

hardy and satisfactory.

Grimm. — A specially selected strain which originated in

Minnesota; noted for hardiness and productiveness. It took

its name from the farmer said to have been one of the most

prominent in calling attention to the variety and promoting

its dissemination. Comparative trials at this station and in

many parts of the northern United States have indicated

' See page 157.
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this variety to be superior in hardiness and in productive

capacity to the common.^

Variegated Alfalfa. — This is said to be a cross between

common alfalfa and yellow lucerne, a forage crop which is

closely related to alfalfa. The flowers vary in color from

yellow to greenish purple. This variety is said to be more

hardy than ordinary alfalfa and adapted to poorer soils. Where

either the common or the Grimm can be grown they are pre-

ferred to the variegated, which is characterized by decumbent

growth, greater consequent tendency to lodge and lower feeding

value. This variety has not been tested in the Massachusetts

Experiment Station.

Obstacles to Success.

Diseases. — Relatively few diseases have proved trouble-

some in Massachusetts. The only important one is leaf spot,

which is most injurious on newly sown areas. The spots,

which usually appear first on the lower leaves of the plant,

are yellow to dark reddish brown in color. Sometimes the

lower leaves only are affected, in which case not much damage

will be done, but in cases of bad infection, and under favorable

weather conditions (hot, humid air and frequent showers), the

trouble may spread rapidly; all the leaves turn yellow and

gradually fall. In such cases the disease if unchecked greatly

enfeebles the plants, and weeds, grasses or clovers tend to

displace the alfalfa. No preventive treatment is known, but

the disease can usually be checked and healthy growth re-

established by cutting, and whether the alfalfa be young or

old it should be promptly cut if the disease appears to be serious

and rapidly spreading toward the upper leaves. If the field

is newly sown and the crop only a few inches high the cutting

should not be too close, and what is cut may be allowed to

lie where it falls. If the new growth is not healthy the field

should be recut. In the case of an established field the forage

may be either made into hay or fed green.

Dodder. — This is a parasite characterized by abundant

development of thread-like reddish-yellow stems, attached to

1 See page 156.
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the stems of the alfalfa and bearing inconspicuous flowers of

the same color. This parasite tends to spread rapidly; it

renders the crop unpalatable. If noticed in the field it is best

to cut the crop and burn it, plow the field and not put it into

alfalfa again for a considerable number of years. Alfalfa

dodder is not yet general in this State, and most energetic

measures should be taken to exterminate it where it appears.

If it shows in a field it is safe to conclude the seed of the

dodder was mixed with the alfalfa seed. It is so fine it usually

escapes detection by the average buyer. Dealers should be

asked to guarantee alfalfa seed free from dodder. In cases

of doubt samples of seed should be sent to the experiment

station for examination.

Weeds. — Annual weeds will give but little trouble, provided

such methods of seeding as are later recommended are fol-

lowed. Especially is this true if the thorough preparatory

tillage recommended when the seed is to be sown in late summer

is followed. In the case of spring seeding, either with or with-

out a nurse crop, annual weeds may compete with the alfalfa

for water and food. If the growth is thick and rank the weeds

may be clipped with a mowing machine set about 3 inches

high. It is a mistake to sow alfalfa in fields heavily infested

with the roots or seeds of perennial weeds. Especially is this

true of witch grass, the competition of which alfalfa is wholly

unable to withstand.

Grasses and Clovers. — In our better soils, and with our

humid climate, some of the grasses and clovers, particularly

Kentucky blue grass and white clover, tend to come in and

gradually to crowd out the alfalfa. The tendency in this

direction is increased by the use of barnyard or stable manures

which, besides supplying large amounts of nitrogen (highly

favorable to the growth of grasses), often carry their seeds as

well as those of clover. It cannot be regarded as good practice

to top-dress a well established field of alfalfa with manure

of any kind. So doing, besides being objectionable from the

points of view already stated, must be regarded as wasteful

of nitrogen, the most costly plant-food element, since the

alfalfa if well established is able to take this element so largely

from the air.
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It is possible, by the use of a harrow at the proper season,

to in a measure check the coming in of grasses and clovers.

These are more shallow rooted than alfalfa and may, therefore,

be uprooted without much injuring the latter. A spring-tooth

harrow properly set is the most effective type, and a special

form of tooth has been designed for this particular use. This

implement is advertised as the alfalfa harrow. Its use is most

effective when the soil is relatively dry, and immediately after

cutting either the first or the second crop will usually prove

the best time for the operation.

Winterkilling. — Any one of the following causes may,

under unfavorable conditions, destroy alfalfa :
—

1. Heaving, which is most serious on the heavy soils.

Tendency to this is much reduced by allowing a relatively

heavy growth to remain in the field for winter protection.

Perfect underdrainage, natural or artificial, of course lessens

the tendency to heave, which is greater in proportion as the

water content of the soil increases.^

2. Formation of ice on the surface. This is something

which, under extreme weather conditions, may affect any

field, but the tendency to this injury is comparatively small

in fields where the slopes are such as to rapidly carry off

surface water.

3. The presence of free acid in the soil, for this weakens

the plant, rendering it susceptible to unfavorable conditions

of any kind. The remedy is of course the application of lime.

4. Insufficient winter protection, due to too late cutting or

excessive or overlate pasturing.

Recent Experimental Work with Alfalfa at this

Station.

The more important of the recent experiments with alfalfa

in this station have been as follows :
—

1. Comparison of Grimm with the common alfalfa.

2. Comparison of high-grade sulphate with muriate as a

source of potash.

' Much alfalfa was killed during the year of 1913-14. The cause is not surely known; but it

seems possible it was due in a measure to the large amount of water in the soil, owing to heavy
fall and early winter rains (see p. 170).
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3. Comparison of different methods of seeding.

4. A test of a commercial culture for inoculation.

In addition, we have had under constant observation a

number of plots of different ages on which observations as

to the gradual displacement of the alfalfa by grasses and

clovers have been made.

1. Grimm compared with Common Alfalfa.

For a number of years it has been our object to make careful

comparisons of the Grimm alfalfa with the common variety

from northern-grown seed. Our first trials were begun in 1909,

but although we obtained what we supposed to be Grimm

seed of the very best quality from a grower recommended by

the Minnesota Experiment Station, and believed to be abso-

lutely reliable, our first experiments were a failure. There were

no essential differences either in the appearance or the yield,

and the party who furnished the seed later wrote us that a

mistake had been made, that the seed sent as Grimm was not

true to name. He supplied us, without charge, with seed of

the genuine Grimm. This was sown after very careful prepara-

tion of the soil on a field where alfalfa had been previously

grown in the late summer of 1911.

The land used in this experiment comprised two plots.

Both have received annually for the past twenty-three years

an application at the rate of 600 pounds per acre of fine-

ground bone meal. One of the two plots has in addition

annually received a liberal application of muriate of potash,

for the last thirteen years at the rate of 250 pounds per acre;

thfe other plot has annually received the same amount of

actual potash, but in the form of high-grade sulphate, and

for the last thirteen years at the rate of 250 pounds to the

acre. Under both systems of manuring the Grimm alfalfa has

given yields considerably larger than those obtained from the

common. The results both for 1912 and 1913 are shown in

the following table :
—
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Com'parison of Varieties of Alfalfa and Source of Potash.
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had an annual application of fine-ground bone meal at the rate

of 600 pounds per acre. Throughout this entire period no

manure has been applied to the land, and no other fertilizer

of any kind with the exception of lime. Hydrated lime at

the rate of 2 tons to the acre was applied broadcast upon the

rough furrow in April, 1910, and deeply worked in by the use

of the disk harrow.

Two plots in this field were sown to common alfalfa on

Aug. 2, 1910. The seed did not germinate well, and the

growth being too thin the plots were plowed July 12 and

reseeded Aug. 5, 1911. One-half of each plot was sown to

Grimm alfalfa and one-half to the common northern-grown

seed. The yields on the two plots are shown in the table,

page 157. It will be noticed that in every case the yield

obtained on the sulphate of potash has been materially greater

than that obtained on the muriate. The average rates of

yield per acre for the two years on the two potash salts have

been as follows: —

Muriate of
Potash

(Tons per
Acre).

Sulphate of

Potash
(Tons per
Acre).

Grimm alfalfa,

Common alfalfa,

3.734

2.8S6

4.231

3.636

Whenever the crop is in active growth (and this has been

true almost ever since the little seedlings appeared above the

surface) there is a striking difference in the shade of green of

the foliage on the two potash salts. The leaves on the sulphate

of potash plots are of a much darker shade, which would be

characterized as dark green. Those on the muriate of potash

plots are much lighter. The shade would be characterized

as yellowish or pea green. A similar difference in shade of

foliage has been noticed in the case of other plants when

grown on these potash salts. It is believed that this indicates

a difference in character or number of the chlorophyl bodies

of the two types of plants, — a difference which we have not,

however, been able to demonstrate by scientific tests, but

which apparently gives the chlorophyl bodies of the darker

green plants a higher degree of functional activity.
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3. Spring and Summer Seeding compared.

In the spring of 1910 a small area of silt loam soil, under-

laid by gravel at the depth of 4 or 5 feet, was selected for the

purpose of comparing the results of seeding in early spring

with a nurse crop with the results of seeding in summer after

bare fallow with sufficiently frequent harrowing to keep down

weeds. The soil in question had been used during a number

of years for a variety of crops including potatoes, corn and

a test of varieties of alfalfa. Previous crops had been raised

on fertilizers. No manure had been applied for many years.

The soil contained a great many seeds of annual weeds, but

it was not infested with the roots of perennial weeds. The

entire field was limed on ]\Iay 19 at the rate of- 1^ tons

agricultural lime. On one-half of the field fertilizers at the

following rates per acre were applied and harrowed in: —
Pounds.

Basic slag meal, 1,500

High-grade sulphate of potash, 350

Nitrate of soda, 125

The spring sowing was made on May 19, with oats at the

rate of 1 bushel per acre as a nurse crop. Fertilizers were

applied to the other half on July 1, and the summer sowing

was made on August 1.

From the spring-sown plot a fair crop of oats (somewhat

mixed with weeds) was harvested in July, and in addition

from this plot on September 21 was harvested a crop of

alfalfa hay at the rate of 1.41 tons per acre. The yields from*

the two plots in the following year were as follows: —
Spring-sown alfalfa at the rate of 3.44 tons per acre.

Summer-sown alfalfa at the rate of 3.34 tons per acre.

From the statements so far made the conclusion must

clearly be that the spring sowing had distinct advantages

over summer sowing. We have first to its credit a fair crop

of oat hay and a moderate crop of alfalfa the season of sowing;

and second, the yield the following year was slightly greater

than on the summer-sown alfalfa. There is, however, one

point connected with the results distinctly unfavorable to the

spring sowing, viz., the proportion of weeds in the product
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was much greater than in the crop from the summer sowing.

The weeds were not separated from the alfalfa the first year,

and during the second year only from the second cutting.

The method followed was this: just previous to the second

cutting, one square yard in each plot, which seemed as a

result of careful examination to be fairly representative in

both cases, was selected, and the entire product cut and

separated into three classes, viz., alfalfa, grass and clover,

and weeds. The results reduced to a percentage basis are

shown in the following table: —

Spring-sown
Alfalfa

(Per Cent.).

Summer-sown
Alfalfa

(Per Cent.).

Total weight,

'

Alfalfa, .

Grass and clover,

Weeds,

100.0

86.6

1.6

11,6

4. Inoculation.

Two experiments in inoculation by the use of a commercial

culture have been tried. The first was upon land fertilized

annually for a long series of j^ears with bone meal at the rate

of 600 pounds, and muriate of potash at the rate of 200 pounds,

per acre (Field D). The land had been used for a considerable

variety of crops. No alfalfa had previously been grown on it.

The soil is a medium loam with a compact subsoil con-

taining considerable clay. The culture employed was Farmo-
" germ ^ and it was used, in accordance with directions, for the

treatment of the seed before sowing. In preparation for the

crop the soil received an application of lime appHed to the

rough furrow (and deeply worked in) at the rate of 3,500

pounds per acre. The grade of lime used was a so-called

agricultural lime containing some hydrate, but mostly in the

form of carbonate. The land also received a mixture of

fertilizers at the following rates per acre :

—
1 Farmogerm is made by the Earp-Thomas Farmogerm Company, Bloomfield, N. J. There

are now numerous other commercial cultures on the market, and numerous colleges and experi-

ment stations (this one among them) are now furnishing cultures for all legumes at cost to citizens

of their respective States. No effort to compare the different cultures has been made in this

station.
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. Pounds.

Basic slag meal, .
1,500

Muriate of potash, 500

This was deeply harrowed in. In addition, just previous

to the last harrowing, a mixture of equal parts of nitrate of

soda and fine-ground bone was applied at the rate of 500 pounds

per acre.

The treatment of the soil brought it into a condition believed

to have been highly favorable to bacterial activity; and the

preparatory tillage had been such that it was moderately

compact below, with the surface in fine mechanical condition

and mellow. The seed was sown July 29. It germinated well

and the ground was well covered, the crop being some 10

inches or more in height before cold weather set in.

The second experiment was upon a somewhat lighter soil

(North Field) which would be characterized as a silt loam,

underlaid with gravel of moderately open texture. This land

had been annually manured for a considerable number of years

with well-preserved manure from dairy cows. The rate of

application had been moderately heavy. It had been used

for a variety of forage crops in rotation, but no alfalfa had been

grown upon it.

The preparation of the land and the general treatment were

very similar to those in the other experiment. Lime was

applied at the rate of 4,000 pounds per acre, basic slag meal

at the rate of 600 pounds, and muriate of potash at the rate

of 800 pounds per acre, and these were deeply incorporated

with the soil by the use of the disk harrow. Just before

seeding, a mixture of nitrate of soda and fine-ground bone

meal in equal parts was applied at the rate of 400 pounds per

acre. The seed was sown July 27, and as in the other field

germination was perfect, and the ground well covered with

abundant growth for protection during the first winter.

The seed used in both experiments was of two kinds: Mon-

tana-grown common alfalfa, and a variety which had been

purchased under the name Grimm but which was later found

not to have been true to name. It was, however, like the other,

northern-grown seed; and the crops from the two kinds of
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seed showed no appreciable differences. The rates of yield

are shown in the folIowinf]r table: —
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The manurial treatment previous to the introduction of

alfalfa in these fields, and the kinds and amounts of materials

applied in preparation for the crop, have been given. Sub-

sequent fertilizer treatment has been as follows: —
Field D. — From 1910 to 1912, inclusive, this was annually

top-dressed with bone meal at the rate of 600 pounds, and

muriate of potash at the rate of 200 pounds, per acre; and in

1913 the rate of top-dressing was basic slag meal 1,000 pounds,

muriate of potash 200 poimds, per acre.

North Field. — This field received no top-dressing in either

1910 or 1911, but in 1912 and 1913 it was top-dressed with

basic slag meal at the rate of 1,000 pounds, and sulphate of

potash at the rate of 100 pounds, per acre.

In both fields the alfalfa is now considerably mixed with

grasses, principally Kentucky blue grass and white clover.

The yield, however, on both is still very large, and as both

Kentucky blue grass and white clover rank exceptionally high

in nutritive value the quality of the hay, though not pure

alfalfa, is still much above the average in feeding value. An

effort has been made to diminish the proportion of grass and

check its spread in the North Field by thorough disking.

This operation was carried out in the summer of 1912, im-

mediately after the harvesting of the second crop. The

result was a very material improvement.

Co-operative Experiments with Alfalfa

In Part I. of the tw^enty-third annual report the plans for

the co-operative experiments now to be discussed were fully

reported. These experiments were 33 in number. They were

quite evenly distributed throughout the State, and were located

on farms belonging to men especially recommended as well

fitted for such work. The experiment station furnished the

best obtainable seed. The soil was thoroughly prepared, the

seed was inoculated with Farmogerm ^ and sown in the late

summer of 1910. Three reports have been made by the farmers

co-operating in this work.

The first of these reports was pubHshed in Part II. of the

twenty-fourth annual report. This had reference to the con-

ditions about the middle of May in 1911. Twenty-nine

» See page 160.
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written reports only were received. The results may be classi-

fied as follows: successful experiments, 13; partially successful,

9; failures, 7.

Two other reports direct from the farmers have since been

received: the first of these, made during the winter of 1912-13;

the second, during the winter of 1913-14. On each occasion

there was a diminished number of farmers responding, in-

dicating, no doubt, failure on the part of most of those who

did not report. The number of growers reporting in the winter

of 1912-13 was 24. Of these, 6 were entirely successful, 8

partially successful and 10 had experienced failure.

At the time of the last report, in the winter of 1913-14,

only 9 growers responded. Of these, 5 were successful, 1 par-

tially successful and 3 had experienced failure.

The results obtained might be considered discouraging but

for the fact that the causes of failure in most cases would

seem to be avoidable. These causes, in the order of their

importance, may be classified as follows :

—
1. TVinterkilling. — This appears to have been due in most

cases to poor drainage or to too flat a surface, permitting

standing water and ice. In some cases winterkilling seemed to

be a consequence either of the fact that the seed was sown

too late, or that the weather immediately following sowing

was so dry that the crop did not get a good start. As a

consequence of either of these conditions the first winter

found the crop with insufficient growth for protection.

In other cases winterkilling was a consequence, also, of

insufficient winter protection, but this was due either to the

fact that the alfalfa was pastured too late in the fall or that

the last cutting was made too late.

2. Weeds and Grasses have crowded the Alfalfa out. — This

has occurred mainly on fields which either did not get a good

start in the beginning, owing to imperfect germination of the

seed, or on fields which were partially winterkilled, thus giving

weeds and grasses opportunity to come in.

In some cases, however, the competition both of weeds and

grasses with the crop has been accentuated by the use of

manure as a top-dressing.

Among all the different weeds and grasses mentioned as
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crowding out alfalfa, witch grass is the one most frequently

mentioned. It is perfectly clear that sowing alfalfa in land

infested with witch grass is highly unwise.

Yield obtained. — The range of yields in the successful ex-

periments as reported by the. growers (in part estimated) is

from 1 to 6 tons per acre. This wide variation reflects the

extreme differences in character of soil as regards physical

characteristics and fertility, and also, no doubt to some extent,

the difference in thoroughness in the work of the different

farmers concerned. The average yield per acre of the 7 growers

who reported definitely is 3.2 tons.

The Dates of Cutting. — There has been considerable diversity

of practice, in spite of the fact that very definite advice was

given, in the dates of cutting. The range has been about as

follows: the first cutting from June 17 to June 28; the second,

July 20 to August 20; the third, August 25 to September 25,

The Opinions of Growers. — The following is a list of the

farmers who are co-operating in this work and a brief statement

of their opinions as to the value of this crop for the section

of the State in which they live: —

C. M. CudWORTH (Cummington). — Consider it a profitable crop if

clover and timothy can be kept out.

John H. Bartlett (Nantucket). — I think it is a valuable crop to raise.

I am going to put in more this season.

LovETT Brothers (Oxford). — Have reseeded. New stand gives

promise of a good crop.

C. W. Prescott (Concord). — The crop is holding its own and doing

well considering that no plant food has been applied since planting. One-

half acre seeded to Grimm has been a wonder.

Edward Kirkham (Holliston). — Crop has gradually died out. Shall

not try it again on my heavy soil unless I do some tile draining.

Lyi\la.n p. Thoimas (Rock). — Crop winterkilled because of the mistake

made in pasturing too late.

Charles L. Clay (North Dana). — Still believe it to be a profitable

crop if witch grass can be kept out.

Paul Cunningham (Bolton). — Crop was killed out by drought of 1911.

H. A. Parsons (North Amherst). — Results indicate crop to be valuable.

Seeded l%o acres more.

Cyrus S. Bardwell (Shelhurne). — Do not believe the crop is suited

to this vicinity.

G. B. Trowbridge (South Weymouth). — The dry weather has a bad
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effect upon alfalfa; at least it seemed to kill most of mine after the first

crop was cut.

J. B. Sawtter (Bradford). — Crop suffered because of the severe drought

in 1913.

Howard W. Foster {Lowell, R. F. D, No. 1). — Condition of the

crop compared with a year ago is much better.

John L. Smith & Son (Barre). — If it were not for ^\atch grass should

sow the rest of the field.

H. K. Herrick (Blandford). — Results obtained are encouraging.

Shall try more.

Selection of Seed.

The experiments described in earlier pages indicate that the

Grinim ^ alfalfa is superior to the common, but the latter has

given satisfactory results in many cases. Whatever the variety,

it is important that northern-grown seed be selected for New
England use; and not only that the seed purchased for sowing

shall have been grown in the north, but it should be descended

from as many generations as possible of northern-grown alfalfa.

It will be wise, as already pointed out, to purchase only on

guarantee that the seed is free from admixture with the seed

of dodder.^ Where this parasite becomes established success

with alfalfa becomes impossible.

Time and Method of Seeding.

Alfalfa may be so\vn with success either in early spring

with a nurse crop or late in summer with corn or alone. Sow-

ing alone in late summer is attended with less risk than any

other method.

Spring Sowing. — Alfalfa sown in spring will usually start

well, but in order to keep down the annual weeds which are

almost sure to be abundant in our better soils it is essential

to put in a nurse crop; and at the season w-hen this is cut the

weather is frequently so hot and dry that the young alfalfa is

seriously injured. When seeding in spring it is recommended

that the quantity of alfalfa seed should be about 25 to 30

pounds per acre. Either oats or barley will serve best as a

nurse crop, and about 1 bushel of either will be sufficient.

Seeding in Corn. — In some cases seeding to alfalfa in the

standing corn according to the method of seeding to grass,

> See page 156. » See page 153.
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which is so commonly followed in the Connecticut valley has

given successful results. This method, however, can be ex-

pected to succeed only when conditions are highly favorable.

The soil must be one of fine texture, in perfect tilth, and

naturally retentive of moisture. The corn field must be free

from weeds, the corn must not be over thick, nor the growth

excessively rank. If either of the last-named conditions exists

the alfalfa will not make sufficient growth to go into the

winter with adequate protection. If the corn is to be cut for

the silo the alfalfa will be more likely to succeed than in field

corn, for during the interval between the cutting of ensilage

corn and cold weather it may make considerable growth. The

best date for seeding in this manner is usually about the end

of July. Showery weather should be selected if possible, and

the quantity of seed should not be less than 30 pounds per

acre.

Summer Seeding alone. — This method of seeding has given

more uniformly successful results than any other which has

been tried in the station or upon the college grounds; in-

deed, with proper preparation it has never failed. The fol-

lowing is a brief outline of the most successful practice: —
1. Plow the previous autumn, or in spring as early as the

ground can be worked.

2. Apply a heavy dressing of lime to the rough furrow either

in fall or early spring and disk in at once.

3. As early in the spring as weed seeds begin to germinate

apply the following mixture per acre: basic slag meal, 1,500

pounds; high-grade sulphate of potash, 400 to 500 pounds;

and disk it in.
'

4. Between the date of the last operation and the date of

sowing the seed (which should not be later than the last of

July) harrow about once in ten or twelve days.

5. When ready to sow the seed apply per acre nitrate of

soda, 100 pounds, basic slag meal, 300 pounds, mixing them

and harrowing in lightly.

6. Sow 25 to 30 pounds of seed per acre, inoculating it if

alfalfa has not been successfully grown on the land before,

and cover as you would grass seed.

7. Inoculation may be eft'ected either by the use of a com-
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mercial culture, a culture which will be furnished by the col-

lege, or the incorporation of soil from a successful alfalfa field

with the soil of the field to be sown. Inoculation of the seed

is usually least expensive and fully as successful as the use of

soil, but if the latter method is adopted sow 300 or 400 pounds

per acre. It should be spread (in cloudy weather if possible)

and at once harrowed into the soil. Cultures are most effec-

tive when fresh. They gradually lose vitality on keeping, and

in ordering, whether from a commercial house or the college,

the date when the culture will be used should be specified.

8. However luxuriant and abundant the growth following

summer sowing, whether in corn or alone, it will not be advis-

able in the severe climate of New England to cut or pasture

the crop. Even if the growth be a foot to a foot and a half

in height it is worth more left in the field, and will not inter-

fere with the development of the crop or the harvesting thereof

the following season.

Harvesting Alfalfa.

Whatever the stage of development alfalfa should be har-

vested as soon as the buds or suckers which start near the

base of the plant are well developed. This will usually be

when the alfalfa is in early bloom. If allowed to stand much

beyond the period of early bloom the plants start slowly after

being cut, and the total yield of the season will be relatively

small. In every case, however, before cutting examine the

stem close to the ground to determine whether the basal buds

are starting to grow. Whenever the cutting of the' crop is too

long delayed the result is a decrease in the total yield of the

season. The last cutting should never be so late that the

crop will not make growth sufficient for winter protection, and

experience leads to the conclusion that in this climate this

should be at least some 6 to 8 inches in height.

After cutting, alfalfa should be allowed to lie, with possibly

one turning, until it is wilted. It should then be put into

windrows which, if the weather is bad, may need to be turned

once, and later into cocks where it should be allowed to remain

until cured. Hay caps should be used if possible. Should the

time required in curing it exceed about five days the cocks
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should be moved to avoid injury to the roots, and it is desir-

able, as in the case of clover (which is often similarly handled),

to remove the caps and open or turn over the cocks on the

morning of a good day, when it is judged to be sufficiently

cured to be put in.

Top-dressing.

If the crop has been successfully inoculated, or if the nodules

which have been referred to are abundant on the feeding

rootlets of the alfalfa, it will not be necessary to top-dress

with materials furnishing nitrogen, or at least if such mate-

rials are at all required (as may be the case upon soils which

are naturally very poor and light) they should be used only

in moderate quantities. If used freely, nitrogen stimulates the

growth of grasses which, therefore, are all the more likely to

crowd out the alfalfa. On the other hand, it is necessary in

order to secure large crops that the mineral elements of plant

food be accessible in abundance. If then the soil is not natu-

rally richly stocked with phosphoric acid and potash these

must be supplied, and the following mixture of materials is

recommended annually per acre: basic slag meal, 800 to 1,200

pounds; high-grade sulphate of potash, 175 to 250 pounds; or

low-grade sulphate of potash, 350 to 500 pounds. This mix-

ture may be applied either in the autumn or in very early

spring.

If basic slag meal is used as a source of phosphoric acid it

is believed that a second application of lime will not be neces-

sary, but if any other material is selected as the source of

phosphoric acid a top-dressing with lime once in two or three

years is likely to be beneficial.

Summary.

The following conclusions and advice appear to be war-

ranted on the basis of the results obtained in the experimental

work and practical experience of this institution: —
1. Alfalfa is superior to red and alsike clovers in holding

the land longer, giving a somewhat greater average yield, and

in fineness and palatability. The net energy value is about

the same as that of good clover, but alfalfa hay is richer in

protein and therefore better supplements corn silage, corn
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fodder or corn and reduces the expenditure necessary for con-

centrated feeds.

2. Cultivation of alfalfa greatly improves the soil as a

result, chiefly, of the deep penetration of its great tap roots

and of the assimilation of atmospheric nitrogen which is left

behind in large quantities in roots and stubble.

3. Alfalfa will thrive on almost all thoroughly drained soils,

but the field should have considerable surface slope, and a soil

rich in lime is best.

4. A heavy application of lime is in almost all cases neces-

sary, usually from 1^ to 2| tons at least.

5. On soils which are low in humus and relatively poor, one

good application of manure plowed in is beneficial, but in

general, fertilizers should be preferred to manure because less

likely to bring in weeds, grasses and clovers.

6. The best source of potash for the crop is sulphate, and

one of the best sources of phosphoric acid is basic slag meal.

7. The Grimm variety is superior.

8. Among the principal obstacles to success are leaf spot or

rust, w^hich can be prevented by cutting when it first appears;

dodder, which can be avoided by care in the purchase of

seed; the competition of weeds, grasses and clovers, w^hich is

reduced by avoiding manures or fertilizers rich in 'nitrogen;

and winterkilling, which is due to poor drainage, formation of

ice and insufficient growth for protection.^

' Since this bulletin was written we have had opportunity to note the condition of alfalfa upon

the station and college grounds in the spring of 1914. There is more winterkilling than for many
years; and reports received from different correspondents indicate that the winter of 1913-14 ha3

destroyed a large portion of the alfalfa in the State. A great deal appears to have been destroyed

also in Connecticut.

The older seedings have in general suffered more than newly seeded areas, but in one case at

least, reported by a large grower in Connecticut, the opposite was true.

The minimum temperature records were not exceptionally low, but from the middle of January

until about the end of February the average temperature was low, and when lowest there was

little snow protection. The principal known difference in conditions during the winter of 1913-14,

and the winters of the recent years during which alfalfa has suffered little injury, was the higher

proportion of water in the soil due to heavy autumn and early winter rains. It is the writer's

belief that this was an important predisposing cause of injury. Alfalfa will endure extreme coid

in relatively dry soils, but in soils containing a large proportion of water such temperatures sub-

ject its root system to most unfavorable conditions.

The Grimm variety has suffered far less than the common, even when the seed from which the

latter was started was northern grown. In the light of existing conditions the writer's conviction

is strengthened that our farmers will be wise not to depend too exclusively upon this crop. He
would particularly urge that even although the seed be considerably higher in price, all farmers

undertaking the growth of alfalfa should, for the present, plant Grimm varietj', and as the demand
for this seed is heavy and the price high he calls attention to the fact that there will be much
temptation to substitute seed not true to name. The utmost care should be taken, therefore,

to purchase only from parties known to be reliable.
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9. The method of seeding attended with least risk is sowing

alone in late summer after most careful preparatory tillage.

10. Inoculation of the seed is desirable when the crop is

sown upon new land, and cultures used in accordance with

directions are to be preferred to the use of soil in most cases.

11. In the co-operative experiments reported there is a large

proportion of failures, but these appear to have been due to

preventable causes, and the results are on the whole encour-

aging.

12. The crop should be cured with little exposure to direct

sunshine and little handling to avoid loss of leaves.

13. It is a mistake to sow alfalfa in fields infested with

witch grass.

14. The growth of weeds, grasses and clovers can be largely

prevented by harrowing after the first or second cutting of

any season when they are first present in noticeable propor-

tion.

15. Annual top-dressing with slag meal and potash will in

most cases be desirable.





COMPOSITION AND USE OF SOME OF THE
NEW FERTILIZER MATERIALS; ALSO,
FERTILIZING VALUE OF SOME LOCAL
BY-PRODUCTS.

H. D. HASKINS.

In the large number of miscellaneous materials forwarded

to the experiment station laboratory there occasionally appears

a new fertilizing product or by-product of value to farmers liv-

ing in the vicinity of the establishment which produces it.

Oftentimes it may be a poorly balanced fertilizer, although if

supplemented with chemicals or other fertilizing ingredients it

may prove eificient. The large number of inquiries received

regarding such products as sources of plant food would indi-

cate the desirability of publishing a brief statement as to their

use.

No. 1. Sheep Manure and Wool Waste.

No. 2. Wool Waste extracted of Grease (Snd Cake).

Analysis.

No. 1. No. 2.

Moisture,

Potassium oxide, ....
Phosphoric acid, ....
Total nitrogen,

Water soluble nitrogen,

Active water insoluble nitrogen,

Inactive water insoluble nitrogen,

Approximate commercial value per ton,

4.99
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this application should be supplemented by 500 pounds of basic

slag phosphate. Some of the commercial sheep manures, par-

ticularly those from wool-carding establishments, often carry

large quantities of noxious weed seeds.

Wool Wasle extracted of Grease (Sud Cahe) {No. 2). —
This product would be more suitable for corn and to fit land

for seeding to permanent meadows than for potatoes or other

hoed crops. It can be used to advantage on all soils deficient

in organic matter and humus. Five tons per acre may be used

to good advantage for corn or seeding to grass. In addition

it would be well to use 150 pounds of muriate of potash and

500 pounds of basic slag phosphate.

No, 3. Fine-gi'ound Foreign Whale Guano.

No. 4. Roekweed.

No. 5. Crude Unground Garbage Tankage.

Analysis.



NEW FERTILIZER MATERIALS AND BY-PRODUCTS. 175

half to one tou per acre. The product carries but a small

amount of phosphoric acid; the use, therefore, of 400 pounds

of basic slag phosphate or acid phosphate per acre for crops

such as corn and seeding to grass will usually be found both

economical and effective. Kockweed may be used to advantage

on any soil deficient in organic matter and humus. It is not

a well-balanced fertilizer, however, and should ordinarily be

supplemented by an application of some source of available

phosphoric acid.

Crude Unground Garbage Taiikage (No. 5). — Crude gar-

bage tankage, undried and unground, is necessarily a coarse,

slow-acting material
;
yet it has more than a local interest, as

most of our cities having a population of 30,000 to 40,000 own

municipal garbage-reduction plants, and a considerable tonnage

of tankage is therefore annually produced. A considerable

amount of this material is contracted for by the commercial

fertilizer manufacturer who uses it as a conditioner in fer-

tilizer mixtures after it has been dried and ground. In this

condition it is, of course, worth much more as a fertilizer than

in its crude state. Of late there has been considerable inquiry

regarding the value of the product, and requests for analysis

are not infrequent. In its natural state it may be worth cartage

to farmers living in the vicinity of the plant. The product

may be used like farm manures, — from 5 to 6 cords per acre

would not be an excessive application. It should be thoroughly

worked into the soil with a disk harrow, and ordinarily should

be accompanied by an application of lime. From 400 to 600

pounds of basic slag phosphate and 100 to 150 pounds of mu-

riate or high-gTade sulfate of potash per acre should be used

to supplement it.

No. 6. Calcined Phosphate.

No. 7. Calcium Cyanamid.

No. 8. Sewage Tankage.
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Analysis.
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number of inquiries received concerning its nature, a siiort de-

scription maj not be out of place.

Cyanamid is made by combining atmospheric nitrogen v\'ith

calcium carbide at a high temperature, electricity being used

as the heating agency. Two forms of cyanamid are now offered

to the trade in this country, both being of a dark slate color.

One is a fine powder, the other granular. The chemical com-

position of the two products seems to be about the same. The

granular cyanamid possesses some advantages over the pow-

dered form. It would be less dusty and disagreeable to handle,

and probably could be used in larger proportions in mixtures

with organic ammoniates and acid phosphates without causing

loss of ammonia or serious reversion of the phosphoric acid.

The nitrogen in cyanamid is largely soluble in water and in

availability ranks well with sulfate of ammonia ; it is not in

the form of ammonia, however, but rather of an amide com-

pound which is easily broken up in contact with water and be-

comes readily available in the soil. The product may be used

as a quick-acting nitrogen source. Cyanamid may have an

advantage over sulfate of ammonia in that it will not leave an

objectionable acid residue in the soil as does the latter product.

The residue left by cyanamid is a lime product which sooner

or later will have a beneficial sweetening effect upon the soil.

It would probably not be good practice to use more than 100

to 150 pounds of the cyanamid to the ton if the fertilizer mix-

ture is likely to remain unused for a number of months. The

free lime in the cyanamid will gradually cause a reversion of

the soluble phosphoric acid. In the preparation of home-mix-

tures, which contain nitrate of soda, tankage, dry ground fish,

blood, as well as other organic ammoniates. with acid phosphate

and potash salts, a small proportion of cyanamid will be wisely

included, as it favors the improvement of the mechanical con-

dition of the mixture. It will aid materially in preventing the

lumping of the fertilizer as well as the loss of nitrogen from

the nitrate of soda under the influence of freshly prepared acid

phosphate. These advantages will more than compensate any

loss in the solubility of the phosphoric acid in the acid phosphate

due to the action of the free lime in the cyanamid. This is

particularly true if the proportion of cyanamid to the acid
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phosphate is not greater than 1 to 8 or 10. Cyanamid should

not be used in the same mixture with ammonium sulfate, as

free ammonia will be liberated from the latter salt. It should

prove a valuable source of quick-acting nitrogen for most crops,

but is not recommended as a top dressing for gi-ass. It will not

be found injurious when applied unmixed at the rate of 200

pounds per acre as a source of part of the nitrogen for tobacco.

Sewage Tankage {No. 8). — Sewage tankage, as the name

indicates, is a product recovered from sewage by means of the

precipitation method. In the sample here reported the grease

was extracted from the dried material, which was then gi-ound

to a good mechanical condition. The sample analyzed carried

about 78 per cent, of organic matter. Products of this char-

acter vary greatly in composition, as two samples examined at

this laboratory in 1912 showed only .32 per cent, nitrogen, the

phosphoric acid running 6.67 per cent, and the potash .78 per

cent. Such a product would be valued commercially at about

$5.50 per ton.

It has not been found commercially profitable to extract the

fat from sewage tankage. The unextracted material has a very

slow action in the soil, and practical experience does not en-

courage its use.^

No. 9. Picker Dirt from Cotton Mill, Average of Three Analyses.

No. 10. Cocoa-shell Dust.

No. 11. Shoddy Dirt from Woolen Mill.

Anahfsis.

No. 9. No. 10. No. 11.

Moisture, ....
Potassium oxide,

Phosphoric acid.

Total nitrogen, .

' .

Water soluble nitrogen,

Active water insoluble nitrogen.

Inactive water insoluble nitrogen.

Approximate commercial value per ton,

6.95

1.56

.68

1.37

.24

.27

.95

?5 50

11.09

2.71

1.49

2.94

1.04

.51

1.39

$9 50

4.95

.68

.20

4.40

.12

2.41

1.87

$11 00

See Monthly Bulletin, State Board of Health, Vol. 8, No. 12, December, 1913.
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Picl-er Dirt from Cotton Mill (No. 9). — Picker dirt varies

somewhat in composition; 19 analyses made at this laboratory

show the nitrogen to vary from 1.55 to 1.60 per cent., the potash

from .48 to 1.62 per cent., and the phosphoric acid from .08

to .68 per cent. The average commercial value on the basis of

these analyses would be $3.75 per ton. The product would be

slow in action when incorporated with the soil. Probably the

most economical manner of using the material would be to add

it at frequent intervals to the manurial matter in the manure

pit; when used in this way it would retain a large amount of

liquid manure and prove of value both as an absorbent and as

a direct furnisher of plant food. It would not be a suitable

material to use in the stable gutters on account of the dust,

which would have a tendency to irritate the air passages and

lungs of animals, and also because of the danger in carrying

the germs of contagious diseases. A moderate application of

lime should be used on the soil with this product, also about

400 pounds of basic slag or acid phosphate and 100 pounds

of high-grade sulfate of potash per acre. The material will be

found better adapted to corn and seeding to grass than to most

other crops, and may be used at the rate of, three cords per acre.

It should be plowed in.

Cocoa-shell Dust (No. 10). — Cocoa-shell dust carries con-

siderably more plant food than do ground cocoa shells, testing

nearly a per cent, higher in nitrogen and phosphoric acid. The

material may be used at the rate of 1 ton per acre. It should

be supplemented by an application of 100 pounds of muriate

of potash and 300 pounds of basic slag phosphate or acid phos-

phate.

Shoddy Dirt from Woolen Mill (No. 11). — Shoddy dirt

will be found to vary considerably in composition. It is not

a well-balanced fertilizing material, as it carries too little

potash and phosphoric acid in proportion to the nitrogen. It

may be used at the rate of 3 tons per acre applied broadcast

and thoroughly wheel-harrowed in. For corn and seeding to

grass 800 pounds of lime, 500 pounds of basic slag or acid

phosphate and 150 pounds of muriate of potash should also be

used per acre. On poor soils 100 pounds of nitrate of soda

may be used to advantage when seeding to grass.
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No. 12. Lime Refuse from Manufacture of Lactic Acid.

No. 13. Lime Refuse from Bleachery Filter Bed.

No. 14. Lime Refuse from Tannei-j'.

Analysis.
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injurious to vegetation. It might, however, have a deleterious

eii'ect upon the beneficial soil bacteria. The sample has been

submitted to the college bacteriologist. Dr. Marshall, who will

later make some studies to decide this point. The oi)iuion was

expressed by Dr. Marshall that this small percentage of arsenic

would not prove harmful when used as above specified.

In general, it might be said that these various refuse lime

products, including the product from acetylene gas plants, may
be used to advantage locally when they can be had for the

hauling or at a small cost. It is usually the safest way to make

the application of these i)roducts in the fall or winter, so as to

allow a chance for the oxidation of any injurious compounds

that may be present.
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COCOANUT MEAL.

J. B. LINDSEY.

The cocoaniit is the fruit of the cocoa palm (Cocus nucifcra),

growing in Ceylon, India, West and East Africa, the Philip-

pine Islands, Brazil and Australia. It is valuable for its shell

(which furnishes fiber), its oil and its meat. The milk in the

inner part of the nut gradually becomes thick as the cocoanut

ripens, and forms the meat of the nut. According to Ollech,^

a typical ripe nut was found to consist of 30.45 j:)er cent, of

fiber, 19.59 per cent, of shell, and 49.96 per cent, of meat, and

to weigh 1,133 grams. The oil is removed by pressure or by

extraction by cooking with water, frequently at the place of

production. The meat is shipped in a dry condition to Europe

under the name of Kopra. The dry, unextracted meat (8 per

cent, water) contains from 36 to 67 per cent, of oil.

The extracted meat is ground and furnishes the cocoanut

meal used in animal feeding. When in normal condition it

is light red to brown in color, has a nutty smell and taste, and

is well liked by all kinds of farm animals.

The lot experimented with was secured from the Edible Oils

Company of 'New York, who imported it.

1. Composition of Cocoanut Meal.
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Our particular sample contained rather less protein and fiber

and more extract matter than the average of German samples.

The latter, according to Kellner/ are sold on a guarantee of

18 per cent, protein and 12 per cent. fat. The gluten feed with

which cocoanut meal is compared shows less ash and fat, rather

more protein, and decidedly more starchy matter. The oil in

the cocoanut meal very soon becomes rancid, and is converted

largely into free fatty acids, giving a slightly unpleasant odor

and taste.

2. Digestibility of Cocoanut Meat,.

One experiment was conducted with two sheep, with the fol-

lowing results :
—
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verted into its starch equivalent in the usual way, we find the

cocoanut meal furnishes 1,705 pounds of digestible matter and

the gluten feed 1,634 pounds. The cocoanut meal contains 88.4

therms of net available energy and the sample of gluten feed

82.7 therms. In case of gluten feed, Kellner requires a re-

duction of 10 per cent., making the therms 74.4 as against 88.4

for the cocoanut meal. It seems doubtful, however, to the

writer if this 10 per cent, reduction is allowable. It hardly

seems probable on the basis of composition and digestibility that

the cocoanut meal would have a much greater nutritive value

than would the gluten feed.

3. Feeding Experiment with Cocoanut Meal, 1911.

In order to test the relative efficiency of the cocoanut meal

as compared with gluten feed as a component of a dairy ration,

10 cows were fed by the reversal method in periods of five

weeks' duration. Hay and wheat bran constituted the basal

ration to which were added definite amounts of either cocoanut

meal or gluten feed.^
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Table II. — Duration of Trial, 1911.

Dates. Gluten Feed Ration. Cocoanut Meal Ration.

January 6 through February 10,

March 11 through April 14, .

Samantha, Amy, Gladys,
Mav Rio, Betty.

Ida, Fancy II., Betty II.,

Cecile, Red III.

Ida, Fancy II., Betty II.,

Cecile, Red III.

Samantha, Amy, Gladys,
May Rio, Betty.

An unusually long time elapsed between the two halves of

the trial (four weeks). This was due to the fact that several

cows in the herd suffered a severe attack of scours, the cause

of which could not be determined. It naturally interfered with

the accuracy of the trial, although all of the cows were in good

condition when the second half started, March 11. They had

shrunk, however, rather more in yield than they would have

had they not suffered the attack. Cows x\my, Betty II., Cecile

and Betty were particularly affected.

Care and Breeding of Animals.

They were kept in roomy stalls, carded daily and turned into

a protected barnyard for three to five hours each pleasant day.

They were fed twice daily; the hay was given some time be-

fore milking in the afternoon and the grain just before milk-

ing, while in the morning the grain was given just before, and

the hay just after, milking. Water was supplied constantly

by aid of a self-watering device.

Character of Feeds.

The hay was largely Kentucky blue gi-ass with considerable

sweet vernal gi-ass and some clover (early cut). During the

last half of the trial the supply of this grade of hay became

exhausted, and a mixture of timothy, red top and clover was

substituted. It was of very good quality, but not as appetizing

as the other variety. The animals refused some of the coarser

parts and showed a tendency to shrink in milk. The bran was

of the spring variety, and the gluten feed of good quality.

Weighing the Animals.

Each cow was weighed for three consecutive days at the

beginning and end of each half of the trial, before the after-

noon feeding.
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Sampling Feeds and Milk.

The hay was sampled at the beginning and end of each half

of the trial in the usual way, as described in other experiments

of this character. The grains were sampled daily and the

samples preserved in glass-stoppered bottles and brought to the

laboratory at the end of each half of the trial for dry-matter

determinations and complete analyses.

The milk of each cow was sampled daily for five consecutive

days on the first, third and fifth week of each half of the trial.

The usual method of sampling was followed.

Table IIL— .4
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Table IV.— Total Rations consumed by Each Cow (Pounds)— Concluded.

Cocoanut Meal Ration.
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It would appear, on the basis of the above calculatic^ns,

which were made by applying average digestion coefficients to

average daily rations consumed, that the two herds received

substantially like amounts of total digestible nutrients. The

cocoanut meal ration contained rather more fat and somewhat

less extract matter than the gluten feed ration.

Herd Gain or Loss in Live Weight (Poiaids).

Character op Ration. L093.

Gluten feed,

Cocoanut meal. 79

The difference is not of great importance. During the gluten

feed period the 10 cows showed a total loss of 8 pounds, and

during the cocoanut meal period a loss of 79 pounds. Cows

Cecile and Betty II. were milking their maximum while in the

cocoanut meal period, which took some flesh from their bodies.

Total Yield of Milk Products (Pounds).

Gluten Feed Ration.
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Total Yield of Milk Products {Pounds)— Concluded.

Cocoanut Meal Ration.
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ents fed were slightly in favor of the gluten feed ration, it is

probable that the small excess of coeoanut meal was without

influence on the results.

General Conclusions.

1. Coeoanut meal is of the same general type of composition

as gluten feed. It contains more fat, ash and fiber and notice-

ably less caiibohydrate matter.

2. Coeoanut meal was found to contain about 100 pounds

less digestible matter in a ton than the gluten feed. By con-

verting the fat of the coeoanut meal into its starch equivalent,

however, its nutritive value would be rather above the gluten

feed. One hundred pounds of coeoanut meal contained 88.4

therms of net available energy as against 82.7 therms for the

gluten feed. This is clearly due to the higher percentage of

fat in the former.

3. Our feeding experiment with 10 cows shows substan-

tially the same results in the amount of milk from the coeoanut

meal and gluten feed ration; slightly more butter fat was se-

cured on the former ration.

It is believed that the coeoanut meal is fully equal to the

gluten feed in nutritive value, although it is doubtful if it

exceeds it. German observers consider it particularly desira-

ble for dairy animals in amounts of from 3 to 4 pounds daily

per head, and it has been shown to somewhat increase the fat

content of the milk. Fed in excess of the above it is held to

make too hard a butter.
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